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Numerical assessment of erosion from old and recent 
photographs: A case study from a section of Highway 73, 
Canterbury, New Zealand 

I. £. Whitehouse'* 



Nineteenth -cfniun photographs from (he Broken River and Porters Pass area 
along State Highway 73 (Christchurch to Arthtir's Pass) are compared with 
recent phot<^aph$ of the same sites. On four pairs, small increases and decreases 
in vegetation cover can be detected; these were assessed by use of a grid overlay. 
Photo-pairs showed th.it most of the erosion scars evident today were present early 
in the period of European settlement. If farm management in the last 130 years 
had led to a consistent trend of change in area of bare ground and vegetation 
cover, a consistent improvement or deterioration might be expected, but no 
marked or consistent pattern was observed. 



INTRODUCTION 

It is difficult to get objective information on erosion changes in the South Island high 
country during the last 130 years, although this is needed to assess the efTect of 
nianagement practices on vegetation cover. Since 1947, the Catchment Authorities 
(Dick, 1978; Ramsay, 1979) and Forest Service (Evans, 1969; McLennan, 1974) have 
carried out quantitative assessments of vegetation by point and line intercept sampling 
and by analysis of repeated stereo colour slides. This has provided a measure of change in 
the area arid type of vegetation cover. Dick (1978) extended some of these resuks to 
examine changes since Kuropcan settlement and the effect of management on vegetation 
cover and erosion. The short-term nature of these measurements contrasts with the many 
years of managennent, so it seems likely that any inferences drawn must be very tentative. 

Illustrations in Relph (1958: 132-135), Campbell (1%6: 4. 7, 10), McLeod (1967: 
13-23), Moore (1976), atid Burrows (1977: 176-177) show the value of photographic 
comparisons for indicating the degree of change in ground cover in the South Island high 
country. The first part of this paper tests a method for a quantitative comparison of 
changes in vegetation rover with respect to bare ground on pre-1900 and recent 
photographs. Localities studied are between Porters Pass and the Broken Rjvcr Basin, 
Canterbury, The second part of the paper concerns the interpretation of the results of 
applying this method. 

GENERAL METHOD 

Copies of old photographs were obtained from museum, library, and private 
collections: miK those that could Ije dated to within ten years were used IWidated 
photographs taken by identitied photographers were dated iront biographical information 
m Knight (1971) and Turner (1970). Photo librarians at the Canterbury Musetun, 
Alexander TumtniU Library, and Hocken Library were able to date other photographs. 

New photographs were taken, as close as possible to the site of the older ones, although 
in some instances road realignment or growth of trees or scrub made exact duplication 
impossible. No attempt vn» made to retouch blemishes on oM photographs. 

Six pairs of photographs, from kxations identified in Figure 1, are riiown in Figures 

2-7. 
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Fig. 1 — Locality map. 

SAMPLE METHOD TRIALS 

Photograph pairs were c(mi|»red visually for changes in ptipoition of bare graund to 
vegetation, and for changes in erosion features. No attempt was made to assess changes in 
vegetation composition. Two methods were used to assess ground changes. 

A confined count of changes was made by placing either a set of random points or a 1 - 

cm point t^rici over the older photograph of cai h pair For eacli ofthc 100-150 points the 
corresponding position on the paired photograph was located by consideration of relative 
position on slope and of rock exp>osures. Points on die photographs probably correspond 
with jxjints on the ground within a metre of each other. Comparison of cover around 
these points was made in order to assess the extent of change. 

Each point examined was assigned a category in accordance with an observer's 
impression of changes in the immediate vicinity of that point There were fixir categories: 

(i) vegetation cover to bare ground; 

(ii) no change; 

(iii ) bare ground to vegetation cover; and 

(iv) change uncertain. 

Replacemott tussodt grassland by scrub was considered "no change." 

Table I details two observers' rxaminatifyn of Figure 5 using the random-point overlay 
and the 1 -cm point grid. Results from each observer showed no variation between the two 
grids; therefore, the 1 -cm grid was adopted for the balance of the study, as it was easier to 
IcKate points on the paired photograph with this grid. The results {xiww tlic two observers 
were compared by using Student's t test; a small, but significant, diilerence between the 
two observers at the 90% confidence level was noted. 
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Fig. 2 — Ghost Stream, Torlessc Range, from behind Clastic Hill homestead. Castle Hill peak on 
right. Erosion features and outlines of small forest patches do not appear to have changed. A: 
1880's; B: 1977. 



Observer bias is highlighted in the results obtained from different observers' using (on 
Figure 4) the 1 -cm p>oint grid (Table 2). All observers agreed that there had been little net 
change; however, there was variation in the magnitude of change recorded. The results 
shown in Tables 1 and 2 indicate that for consistent results it is important to use the same 
observer on all photo-pairs. While this method is not necessarily a gotxi measure of the 
actual change, it is a good measure of the direction of change. It is noteworthy that an 
experienced observer provided estimates close to that of the mean of the less experienced. 

Separate counts of changes in the proportion of bare ground to cover were made by 
placing 0.5 cm grids over both photographs and noting the presence of either vegetation 
or bare ground. When this procedure was carried out on Figure 4 by different observers. 
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Fig. 3 — Craigicliurri Rangr from behind the old Castle Hill homestead. Mt Clloudsley on left. The 
older photograph is one of the earliest available, taken ab<jut ten years after the first European 
burning. The ennling area on the left centre slope has inrrea.sed. A: 1868; B: 1978. 
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TABLE 1: v^ridt^ion betMeii randoa-polnt atnd one-oentlmatre point grids 

on Figure 5. 





Trial 




% Increase 
bare ground 


% Decrease 
bare ground 


% 

Mk> chango 


Uncertain 


OBSERVER 1 
RAndOBl 
grid 


1 
2 
3 




2.5 
4.5 

2 


36 

25.5 

30 


71.5 

70 

68 


- 


Mean 
S.D. 






3.0 

1.6 


27.2 
3.0 


69.8 
2.2 




1-em 

grid 


1 
2 
3 




2.5 
4 

3 


26.5 

26 

25 


71 
69 

72 


I 
1 


Mean 
S.D* 






3.1 
1.0 


25.8 

0.9 


70.6 
1.9 




OBSERVER 2 














Random 
qrid 


1 
2 




4 

3 


21 

19 


75 
7B 




He An 






3.5 


20 


76.5 




l-cn 
grid 


1 
2 




6 
4 


17 
19 


77 
77 




Mean 






5 


18 


77 




TABLE 2: 


Variation between observers uding one-centlnetre point 
grid overlay on Figure 4. 


Observer 


% Decrease in % Increase in 
bare ground area bare ground area 


% 

No change 


% 

Uncertain 


1 
2 
3 
4 
5 
6 




9 
17 
14 
IS 
13 
20 




9 
9 
10 
11 
17 
15 


80 
72 
73 
73 
67 
64 


2 
2 
2 
1 
3 
1 


Mean 
S.D. 




14 
4 


.7 
.1 


11.8 
3.7 


71.5 
6.1 


1.8 
0.8 



little observer bias was exhibited (Table 3). This method provided a quick assessment of 
net change only. Comparison crf'TaUes 2 and 3 shows that no net change has occurred on 

Figure 4; however, careful visual examinatiori reveals that this lack of net change is a 
result of moderate but equal changes from vegetation to bare ground and bare ground to 
vegetation. 

APPLICATION OF THE METHOD 

AND INTERPRETATION OF THE RESULTS 

The method dcsc ribed above was applied to the best of the detailed photo-pairs 
(Figs. 4, 5, 6, 7 ) Point counts of change and proportion of bare ground to cover are listed 
in Tables 4 and 5 l igiirc 4 shows little net change. Fiirures 6 and 7, decrease in bare 
ground; Figure 5 shows increases in bare ground and an increase in the size and number 
^ gullies. In some pairs (especially Figures 4 and 7), the same or very similar plants ch* 
groups of plants can be seen on both the old and the recent photopaphs. 

Most of the landscajx" views show little change in the gross distribution of bare, 
enxling areas in the last one hundred years. Areas of scree have remained iairly constant 
(Fig. 2), and slopes prone to gullying have continued to erode (McLeod, 1%7: 23; 
Whitehouse, 1978, p L. III). An exception to this pattern is shown in Figure 3, where 
there is considerable increase in bare ground on some slof>es. 
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TABI£ 3: Variation between observers assessing baze ground and vegetation 
cover on Figure 4 using O.S-cn dot grid overlaid randonly on each 
photogr^h. 



Date of % Bare % Vegeta- 
Observer photograph ground tion cover 





1890 


21 


79 


1 


1978 


19 


81 




1890 


24 


76 


2 


1978 


24 


76 




1890 


20 


80 


3 


1978 


24 


76 




1890 


23 


77 


4 


1978 


25 


75 


Mean 


(1890) 


22 


78 


S.D. 




2.1 


2.1 


Mean 


(1978) 


23 


77 


S.D. 




3.1 


3.1 



TABU 4: Pvroant Chang* in area of bare ground txm 

oeoqiarlaon of one-ocntlMtre point grid ovarlay. 



Figure 


Deeraace 


Incraaat 


\ Ho change 


Uncertain 


4 


9 


9 


60 


2 


5 


4 


26 


69 




6 


38 


4 


63 


5 


7 


27 


6 


6S 


2 



fUBU 5: Percent bare qjound and v»-9tM,ation from C.5*cni 
grid overlaid on old and recent photographs* 



Figure 


Date 


Vegetation 


Bare 

ground 


Hiaber 
of points 


4 


1978 


81 


19 


560 




1890 


79 


21 




5 


1978 




r2 


520 




1890 


80.5 


19.5 




6 


1979 


84 


IC 


260 




1889 


71 


29 




7 


1978 


53 


47 


640 




1890 


43 


57 





Much of the area shown in the photographs has been extensively grazed and was 
repeatedly burnt between the late 1850's and the 1920's (McLeod and McLeod, 1977). 
Sheep numbers were verv high from the 1870*8 to the I9l0's, reaching a maximum in 
1895 (Hayward, 1967 ). Cirazing and other management practices over the last century 
appear, thus, to have had little elTect on the gross erosion features of the area. All the 
detailed photo-pairs are of slopes within five kilometres of each other (Fig. 1). 

Small changes in area of bare ground or vegetation cover can be detected on these 
photo-pairs (Fit^s 4-7), but the changes are ver\' variable. Different photo-pairs shew 
increase, decrease, or no change in area of bare mjund; within a single pair, difierent 
areas show increase and decrease in bare ground. This variation could be random, «* the 
result of different intensity of farm practices, or the result of specific site differences. It 
might be expected that there would have been an increase in bare ground till about 1920, 
during and after the period of high stock numbers and fivquent burning, and a decrease 
since about 1930, after which stock numbers were lower and burning controlled. 
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Fig. 4 — Snowgrass- and Dracophyllum-covercd slopes north of Porters Pass. There has been local 
increase in both vegetation and bare ground, but no net change. A: I890"s; B: 1978. 
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f\% 5— Ck>u<.h Hilt. wrM side of Slate Highwav 73 near Lake Lvndun. Incrrasr in cruskm and 
scrub IS apt>arrnl .X; »89lV. B I97& 
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Fig. 6 — Slopes of Lyndon Hill from northern end of Lake Lyndon. There has been an increase in 
vegetation, particularly nnatagouri scrub. A: 1889; B: 1979. 
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Fig. 7 — Snougrass and matagouri scrub -covered slope south of Porters Pass. Some increase in 
vegetation cover is apparent. A: 189U; B: 1978. 



Cl} aterial 
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However, firom analysis of line transects in the area, Dick (1978) indicates that bare 
ground increased from 1947 to 1963. He suggests that this continuing increase is the 
consequence of past land management. If manaccment had led to a consistent trend of 
chanTC in areas of vegetation cover and bare ground in this re^on, it mig^t be expected 
that Figures 4 through 7 would all show either marked improvement or marked 
deifri()ratit)n. This is not observed; rather, there is a wide variability within the 
photographed areas, demonstrating a lack of consistent trend. 
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The centrolophid fishes of New Zealand 
(Pisces : Stromateoklei) 

R. M. McDowall* 



A review of the New Zealand centrolophid 6shes shows the following species to be 
present: 

Hyptnglypht mUuetita (Carmichael): a deep-water benthic s|>ecie$ widespread 
in the southern oceans; Seriolella punctata (Fonter, in Bloch and Schneider): shelf 
edge and deeper waters, widespread from Australia to South America; £ brama 

(Giinther): largely in southern loaslal waters, present also in southern Australia; 
S. caerulea Guichenot (= .S /inro Gavrilov): southern, deeper, ofTshore waters, from 
Tasmania to Patagonian South America; S. lahyrinthica (McAllister and Randall): 
one syiecimcn known from northern New Zealand shores, also other Pacific 
Islands from Lord Howe to Easter and ,Juaii I crnandc/, Centrolophus niger 
(Gmelin): not uncommon in deeper, ofTshore waters, an almost cosmopolitan 
species; Schedophilus huttoni (Waite): very rare, mostly from beach cast specimens, 
presumably a deep-water species, present also in the South Atlantic and off 
eastern Australia: .V maiulutus Clflnther: a rare deep-water species known largely 
from juveniles, south Pacitic, possibly southern circum polar; Icuhlhys auslralis 
Haedrich: a rare deep-w aler species in southern New Zealand, also ofTTasmania, 
south Atlantic and sub-Antar( tic; Tubbia tasmanica Whitley: widespread in deep 
waters in the New Zealand region also known from ofT the east coast of South 
Africa and Tasmania. 

Full descriptions and synonymies f(»r eac h species and keys for the identification 
of New Zealand cetiirolophids are presented. Knowledge ol distribution and 
habits is reviewed. Where available and of significance, both adults and juveniles 
are illustrated. 

INTRODUCTION 

The family Ccntrolophid.ic is of only moderate size, containing about seven genera and 
30 species. As-construed by Haedrich (1967) in his broad review of stromateoid fishes 
the family contains a strange diversity of fehes whose inter-relationships are poorly 
understood. In part, this is because some species, particularly several of the more unusual 
ones, are known only from few aduUs, others only from juveniles. Thus the suggestion of 
Ahlstrom et aL (1976), that the centrolophid genus Icichthys jordaaa. and Giroeit may 
warrant full familial recognition, may eventually be found to be true also of other 
centrobphid genera or generic groups. In the meantime genera assigned to the family by 
Haedrich (1967) arc retained within the family. These genera include: 

( 1 ) Hyperoglyphe GQnther: very stout, bhint-headed and thick4xxlted; 

(2) Centrolophus LacepSde: similar but more elongated; 

(3) Seriolella Guichenot: varies from H/jperoglypht-likc to more elongate and streamlined; 

(4) Psenopsis Gill: small, relatively shalnw-oodied but thick; 

(5) I cic hthy s ]orAan and Gilbert: shallow -bodied, thin and rather limp; 

(6) Schedophilus Cocco {seruu Haedrich, 1967): appears to be something of a "catchall" 
genus, including some Icichthys-Mkc forms as well as others that seem more akin to 

Seriolella, 

(7) Tuhhia Whitley; resembles Schedophilus. 

This account of the New Zealand centrobphid fauna folbws a series of papers in 
w^kh I have sou^t to clarify a number of complex taxonomic problems in various 
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centrolophids (McDowall, 1976, 1979, 1980 a, b). It attempts a synthesis of the species, 
presents generic and spMific keys and descriptions, and generally seeks to bring together 
taxonomic data on New Zealand representatives of a complex and difficult group of 

fishes. 

MATERIALS AND METHODS 

Measurcnicnts and counts: Methods of measurement used were largely those 
described by Hubbs and Lagler (1958). Measurements were made with needlepoint 
dividers and determined to the nearest 0.5 mm. Measurements were taken point to point, 
as follows: length to caudal fork (L.C.F.); standard length (S.L.); greatest body depth 
(B.D.); body width — thickness of trunk (B.W.); body depth at vent (B.D.V.) — used in 
addition to greatest body depth because the latter is affected by sexual maturity'; depth of 
caudal peduncle (D.C.P.); length of caudal peduncle (L.C.P.) — measured from rear of 
anal fin base; predorsal length (PreD.); preanal length (PreA); length of bases of dorsal 
and anal fins (L.D.B. & L.A.B.); pectoral fin length (Pec); pelvic fin length (Pel.); 
prepelvic length (PrePel.); pectoral-anal length (Pec -An ); pelvic-anal length (Pel-An.); 
head length (H.L.); head width (H.W ); head depth (H.D.) — taken vertically at the 
isthmus; snout length (Sn.L. ); postorbital head length (P.O.H.L. ); inierorbiial width 
(I.O.W.) — fleshy interorbital; diameter of eye (D.E. ) — horizontal diameter of fleshy 
orbit; length of upper jaw (L.UJ.); length of k>werjaw (L.L.J.); width of gape (W.G.). 

The following structures were counted; fln spines and rays in dorsal, caudal, anal, 
pectoral and pelvic fins (in some species, due to fleshy nature of fins and softness of 
spines, spines and rays were not distinguished and a total count is given); vertebrae; gill 

rakers. 

Material examined came, in part, from the institutions listed below. Much of this was 
collected by either the Fisheries Research Division vessel 'K.V.James Cook, the Fisheries 
Management Division vessel F. V. W. J. ScotL the Japanese vessels R.V. Shinkai Mam and 
R.V. Kaiyo Mam and the German exploratory trawler F.V. IVesermunde, Some of this 
material has not been retained; some is held by Fisheries Research Division, Wellington, 
and will eventually be deposited in the collections of the National Museum, Wellington; 
some, in general the rarer and more unusual material, has already been deposited in that 
collection. Study material was usually from the New Zealand region. However, in a fiew 
instances sufficient or suiti^le material was not available and specimens from elsewhere 
in the various species' ranges were used for obtaining data. The folk>wing abbreviations 
for material in various collections appear in the text: 

AIM Auckland Institute and War Memorial Museum, Auckland, N.Z. 

AMS Australian Museum, Sydney, N.S.W., Australia. 

BMNH British Museum (Natural Historv), London, U.K. 

CMC Canterbury Museum, Christchurch, N.Z. 

ZMH Zootogtoches Museum, Universitat Hamburg, Hamburg, Germany. 

ISH Inttitut filr Seeftachcrei, Bundesfbrschungtanatak ftkr Fischerei, Unhvrsitit HanlHirg, 

Hamburg; Germany 

JLB.S J L B. Smith Institute of Ichthyology , Rhodes University, Grahamstown, South Africa. 

MCZ Museum of Comparative Zoolog), Harvard University, Cambridge, Mass., U.S.A. 

MNHNP Museum National d'Histoire Naturelie, Paris, France. 

NMC National Museum of Natural Sciences, Ottawa, Ontario, Canada. 

SIC Scripps Institution of 0< canographv. La Jolla. California, U.S.A. 

TMH Tasmanian Museum, Hobart, Tasmania, Australia. 

UBC Institute of Animal Resource Ecology, University of British Columbia, Vancouver, 

B.C., Canada 

ZIAS Zoology Institute, U.S.S.R. Academy of Sciences, Leningrad, U.S.S.R. 

ZMC Zoological Museum, Copenhagen, Denmark. 

Material examined is listed in Appendix 1. 

FAMILY CENTROLOPHIDAE 

DiagiMMis: Slender to deep-bodied fishes, somewhat to highly compressed. Dorsal fin 

with up to nine spines, preceding and sub-continuous to continuous with rayed portion, 
spines variously stout and hard to soft and flexible. Anal fin usually with three spines. 
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Pelvic fins present, often very small, usually attached to abdomen by a thin membrane 
medially, fin folding into a shallow groove. Scales small to moderate, cycloid (weakly 
ctenoid in some Schedephilus), usually deciduous (not Hyperoi^lyphe and some SerioUlia) 
scales lacking from head in most forms. Head, and sometimes back, with ver\- numerous 
small pores. Operculum with one or two weak, flat spines. Usually seven branchiostegals. 
Mouth moderate to large, reaching to or beyond anterior eye margin. Teeth in jaws fine, 
more or less uniscrial; no teeth on vomer, palatines, mesoptcrygoids or tongue; a row of 
fine teeth on basibranchials in some species. Vertebrae usually 25 (incl. hypural), but 
count higher in some (26 in one SerwMlOy 30 in some Sched(^hilusy 43-45 in Tubbia, 48-60 
in Icichthys). Caudal skeleton with ux hypurals and three epuraib (two in Idchthys). 

Moderate to large fishes, seven genera with about 30 species, more or less world-wide, 
sub-polar to tropical. Mostly pelagic and oceanic, both in surface waters and at 
considerable depths, but also found over the continental shelf, and some (particularly 
SerioUlia and Psenopsis) may occur in shallow, inshore waters; some Seriolella species 
enter harbours and bays. (Modified from Haedrich, 1967). 

Of the seven genera listed by Haedrich ( 1967) all but Psenopsis occur in New Zealand 
waters. 

KEY TO NEW ZEALAND CENTROLOPHID GENERA 

1. Dorsal fin origin above pectoral fin bases 2 

E>orsal fin origin distinctly behind pectoral fin bases 5 

2. Hard spines at front of dorsal fin, spinous portion almost separate or subcontinuous with 

rest of fin, clearly distinct if sub-continuous; thick and heavy-bodied 3 

No distinct spinous portion at fixxit ofdorsal fin, spines tending to be wk, grad ing i nto 

branched rays; thin-bodied and limp 4 

3. Dorsal fin rays up to 20: anal rays up to 16 Hyprroglyphe p. 105 

— — Dorsal fin rays 25 or more; anal rays 19 or more Seriolella p. 110 

4. Vertebrae 43-45 TMia p. 153 

Vertebrae 25-30 Scludophibu p. 123 

5. Thick and heav% -bodied; vertebrae 25 Centrolopfua p. 120 

Thin-bodied and limp; vertebrae 48-51 Icicktkys p. 130 

HyfOTiffe^ Gttatfaer 

IfyperoglypheG\ln\\\^T, 1859: 337 (type species: Dia gramma /nwim Riduudson, 1848: 26, by original 

monotypy, syn. Perca antarctica Carmichacl, 1818: 501). 
Eurumetajfru Morton, 1888: 77 (type species: Eummetopos Johnstmi Morton, 1888: 77, by original 

monotypy, syn. Peng mtarctica Carmichad, 1818: 501). 

Haedrich ( 1 967) listed further generic synonyms, not applied to the species that occurs 
in New Zealand, as follows: Pcdinums DeKay, 1842 (preoccupied by Palinurus Fabricius, 
1798, Crustacea); Patinurichtkys Bleeker, 1859, Palimrichthys Gill, 1860, and Pammelas 
Giinther, 1860 (all replacement names fior Pa/tftuntt); Oejfernu JcMtlan and Hubbs, 1925; 

and J'o/frfo Miranda-Ribeiro. 1951. 

The recognition in 1859-60 that the name Palinurus was preoccupied prompted three 
successive replacement names, but the first of these, Pdinurickthys BiMMr, 1859, post- 
dated GQnther, 1859, by five months (Haedrich, 1967). 

In addition to the above generic .synonyms. Griffin ( 1928) described the New Zealand 
species of Hyperoglyphe in Seriolella^ and Regan (1902) placed Richardson's Diagramma 
ponsa in Lirus. Lirus Aggasiz, 1846, is an emendation of L^tnu Low, 1833, ccmsidered to 
be a synonym of .S'rA^rfc^AiYuj Cocco, 1839. Leimslriw, 1833 (Pisces) being preoccupied 
by Leirus Dahl, 1823 (Colcoptcra) (Haedrich, 1967). 

Generic diagnosis: Thick-bodied centrolophid fishes in which the first dorsal fin is low 
with short, stout spines, the spines abruptly shorter than the rays in the second dorsal fin; 
first and second dorsal fins scarcely, if separated; first dorsal origin above or very little 
behind pectoral fin base. Peh^c fin insertion bekiw or a Iktle behind pectoivl fin baae. 
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Lateral line arches anteriorly but curving downwards away from dorsal trunk profile and 
passes along mid-lateral trunk from above middle of anal fin onto caudal peduncle. 
Vomer, palate and tongue toothless, but sometimes a row of basibranchial teeth present. 
Scales of moderate size. Haedrich ( 1967) listed six species. 

Only one species, H. antarctica (Carmichael), is known from New Zealand waters. 




Fig. X^Hyptnifyphe antarctka (Cannichael), 504 mm L.C.F. (FRD-) 



Mypenglyplu antarctica (Cannichael) (Fig. 1) 

Pena anlantiea Carmichael, 1818: 501 (holotype: none deposited (eaten by ship^s crew) ); type 
kicality: Tristan da Cunha) 

DiagnoHma ptrma Richardson, 1848: 26 (hobtype: BMNH 1835.9.19:2, radiograph seen; type 
locality: coasts of Australia). 

HyUrmfypke porasd Gunther. 1859. 337, Phillipp, 1927a: 12; Graham, 1938: 409; 1939: 365; 
Whitby and PhitUpps, 1939: 232; Graham, 1953: 22; Whitley, 1956: 405; Graham, 1956: 222; 
Kaberry, 1957: 91; Graham. 1963: 166; Hewitt, I%3: 61. 

Eurwmfopos johnstmi Morton, 1888: 77 (holotype: unknown; type locality: Tasmania); Waite, 
1912a 318: 1912b: 200; PhUUpps, 1921: 120; Thomson and Andeiton, 1921: 72; Whitley and 

Phillipps, 1939: 232. 

Linu ponsus: Regan, 1902: 202; Hutton, 1904a: 44. 
Hypengfypht jaknstmv McCulloch, 1914: 7& 

SerioUlla amplus GrifTin, 1928: 376 (holotype: AIM AF257, not seen; paratype ( 1 ); AIM .\F258, not 
seen; type locality: near Mayor Island, Bay of Plenty, New Zealand); Powell, 1941: 259; Parnilt, 
1957: 60; Doogue and Mmeland, 1961: 223. 

Seriolella awpla: Whitk^, 1956: 405. 

HyperMlypht anlantiea: Haedrich, 1967: 58; Whitley, 1968: 51; Paul and Robettaon, 1979: 123; 
PauH 1980a: 5. 

Although this species was described under four diflerent specific names, there has 
never been any question of more than one species of Hyperoglyphe occurring in New 
Zealand waters. Problems have related primarily to the correct name fix h. 

Common name: A variety of common names has been applied to H. antarctica in New 
Zealand, including "bream", "Griffin's silverfish", and "bluejaw"; current usage seems 
to favour "bluenose". 

Diitinguidhmg characters: H. antarctica can be distinguished by a combination of the 

following characters: two dorsal fins, the first low with eight stout spines, scarcely 
separate from second dorsal which is much higher; nape scaleless but a small, discrete, 
<mrte patch of scales on each side above and behind eye; mouth large, extending back to 
about middle of eye; teeth present on basibranchiab; lateral line arches upwards from 
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above opcrc ular opening, follows trunk profile to about \ent. then tums down to about 
mid-lateral trunk and thence straight to tail base; snout truncate. 

Description: A stout, heavily-built fish, trunk deep, bat k atui belly evenly arched, greatest depth 
at about pelvic fin bases; thitk-bodied, thickest at about pectoral fin bases, becoming somewhat 
compressed towards tail. Caudal peduncle short and quite thick, tapering slightly to caudal base, 
lacking keels. Head large, deep and thick. Eyes of moderate size, set well down on lateral head, 
somewhat above mid-head depth; an obvious longitudinal concavity above eyes so that median- 
dorsal head has a rounded crest, and interorbital is sit;inoid-shaped in cross-section. Snout very 
blunt, almost truncate. Jaws about equal, mouth large, cleft slightly oblique reaching to below 
about middle of eye; lips firm. Anterior nostril a simple opening, posterior one a slit, nostrils dose 
together somesvh.it nearer ti|) of snout than eve Edge of preoperculum thin and bony, finely 
serrate, opercular margm entire without any obvious spines, or with a flat, weakly developed spine. 

Teeth present on premaxilla and dentary. very small uniserial, and close-set; no teeth on vomer, 

palatine. plei\ i;i>i<!s nr hasih\al. hut .t infcli.in row of tiin teeth along an elevated ridge on 
basibranchials. Gill openings extensive, opercular membranes not joined to isthmus. Gill rakers 
moderately long, stout, toothed on inner margins; pyloric caeca numerous, dendritic. 

I'npaired fins rather low; first dorsal \ery low, supported by short and very stout spines, fourth 
to sixth longest, the hn folding into a groove, fin membrane relatively delicate. Second dorsal 
scarcely separate from and more than twice as hi|[^ as first, hi^iot at front and taperii^ 
somewhat, outer margin about strai|^ fin base invested in thick fleshy skin and scaled; fin 
membrane fleshy and tough. 

Caudal fin forked, hn tips pointed. Anal fin of similar shape to second dorsal, origin somewhat 

behind set oiid dorsal origin. Pectoral fin inserted low, at about 2/3 IxkIv depth, fin base 
moderately oblique, fin long, reaching to about level of vent, upper rays longest, falcate. Pelvic fin a 
little behind pectoral fin base, small but strongly developed, triangular, folding into a shaUow 

groove, connected to belly by a membrane along inner inargin. 

Scales of moderate size, cycloid, round to rhomlK)idal, thin and easily dislodged, covering trunk 
forward to nape and isthmus, bases of pectoral, second dorsal and anal fins, and about 2/3 caudal 
fin base Scales on operculum and preoperculum. hut otherwise he.ul naked except for a [)air of 
discrete ovate patches of scales on nape above and behind eyes; alx>ul 8t)-90 scales along i.iter.il 
line. Head covered with a profusion of very small pores. Lateral line arches upwards from upper 
opercular opening, follows dorsal trunk prohle beknv fvst dorsal fin, curves downwards to mid- 
lateral trunk abo^ and anal fm, and thence runs along nud-lateral trunk to tail base. 

Variation: Morphonuirii : see Table I. 

Meristic: Dorsal — IX (20); 15 (I). 16 (0), 17 (1), 18 (I), 19(5), 2U(12);anal — 
111(20); 14(5), 15(14). 16 ( I ); pectoral — 19 ( 10), 20 (9), 2 1 ( I ); gill rakers — 6-1-15 (I), 6-1-16 
(2), 7-1-13 (5). 7-1-16 (9). 7-1-17 (2), 8-1-16 (1); vertebrae — 25 (16). 

Colour: When fresh .i dull l)luish-i;re\ on the h.u k, p.iliiii^ to .i metallic grey on belly; fins d.u k 
metallic grey. In preservative a general dull greyish-brown, back darker, belly paler, no distinct 
markings. 

Size: A large species, known to reach at least 1370 mm L.C.F. and a weight of 36 kg (Graham, 
1953). It commonly exceeds 500 nun; small specimens are rarely caught 

Growth: Allometric growth is a widespread phenomenon in centrolophid fishes. However, very 
few small Hyperoglyphe are known. Richardson s (1848) figure of a specimen 140 mm shows form 
little different iix>m that of large examples, except that the spines at the front of the dorsal fin are 
relatively longer and the pectoral fin is rounded, rather than falrate. 

Distribution: H. antarctica is widespread in the Southern Hemisphere, occurring in 
South Africa, Tristan da Cunha, southern Australia, Tasmania and New Zealand, in 
New Zealand it probably (k curs widely and is recorded from Bay of Plenty, the Chatham 
Rise between New Zealand and the Chatham Islamds, and Otago coasts, from moderately 
deep waters. 

Lhtle is known of the biobgy of H antarctica, but it seems to be a moderately deep- 
water, boidiic species, taken on long-lines or bottom trawb, down to at least 475 m. 

Graham (1953) reported that it became common in Otago catches when fishermen 
began to use long-lines in deep waters over reefs, being caught "only from rocky 
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bottoms**. Winstanly (1978) examined the food of this species off southeastern Australia 

and cotu ludcfl (hat it lives in schools near the bottom, feeding above the bottom during 
the day and moving down onto the bottom, and ceasing feeding, at night He reported 
that the food consists primarily of the pelagic tunicate Pyrosomi, with some squid, 
crustaceans and fishes. 

StrioUtta Guichenot 

Senolella Gu'xchtniA. 1848; 238 (type species: Seriolella porosn Guichciiol. IR48 239. hv sul)scqucnt 
designation, Jordan, 1923: 238, syn. S. punctata Forster, in Bloch and Schneider, 1801). 

Neptomenm GUnther, I860: 389 (type species N^tomttm brama GQnther, I860: 390, by original 
designation). 

NtpUmmus (Macleay, 1 88 1 ) sqspears to be a misHipelling oS Neptametais which was used 

by many subsequent workers. 

Generic diagnosis: Thick-bodied centrok)phid fishes in which the first dorsal fin is kiw 
with short, stout spines, the spines abruptly shorter than the single spine and the rays in 
the second dorsal fin; first and second dorsals scarcely if separated, first dorsal origin 
above or very little behind pectoral fin base. Pelvic fin insertion below or a little behind 
pectoral fin bases. Latenu line follows profile of back as fiu* as caudal peduncle, 
sometimes undulating. Vomer, palate and tongue toothless; basibranchials toothed. 

KEY TO SPECIES OF SerioUlia 

1. Caudal peduncle with small, although distinct lateral keels; pectoral fin distinctly fakate, 

and long V hramn p. 112 

— — Caudal peduncle with no lalcral keels, pectoral Im not or only slightly falcate 2 

2. Head with a distinct dark "mask" which projects back towards dorsal fin as a distinct 
mediodorsal point; rather slender bodied BDV/SL less than 30%; 42 or more dorsal fin 
elements. pmtctala p. 1 10 

Head either lacking mask, or if present, larking distinct mediodonal point; deeper 

bodied, BDV/SL 33% or more; 41 or lewer dorsal tin elements 3 

3. Eye large ED/HL 23% or more; 35 or more dorsal fin elements; 26 vertebrae 

5. caentUa p. 1 14 

Eye smaller, ED/ML 19%; 33 dorsal fin elements; 25 wntbmc . £ lahynnihua, p. 117 




S$riMUm ^MMCtate (Fonter, in Bloch and Schneider) (Fig. 2) 

Sfomher pun, lulus Fntsier. in Bloch and Schneider. IBOl , 37 (syntypes ( 3) BM\H 1869 2 24:42-44 

not seen; type locality; New Zealand — Haedrich, 1%7: 40 states " Tasmania but Bloch and 

Schneider state '*Habitat eirca Novam Zeahndiae"). 
Castermtfiis pundtilus Forster, 1844 140 (svntypes (3): BMNM IKG^ 2 24 42 44 not seen; the same 

fish as the syntypes of St umhti pumluliis Korstrr, in Bitx li ami Sihtieider; t\pe locality: New 

Zealand. Bloch and Schneider [niblished from Forster's manuscript). 
Neptomenus IravaU Castelnau, 1872: 119 (hokxype: unknown; type kKality: unstated, fish 

apparently fiwn "Melbourne Market"). 
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Ntktmam bUiamtiu HutUm, 1873: 261 (boiotypr. unknown; type locality: Wellington Harbour, 
New Zealand). 

StrioUlla porasoGuichcnot, 1848: 239 (syiitypes (7): MNHNP A6634-6639 not seen; t\pe localitv: 

Valparaiso); Hutton, 1875. 133; 1876: 211; 1890: 278; Gill 1893: 114: Hniton. 1904a; 44; 

Thomson, 1906:550; W.iiu-, 1907: 16; Thomson and Andcrton, 1921; 73; l^liillipps. l')27a: 12; 

1927b: 31; Norman, 1937: 115; Graham, 1938: 409; 1956: 22; WhiUey. 1956: 405; Haedrich, 

1967: 72; Whitley, 1968: 51. 
Neptonemus biltneatus: Sherrin, 1886: 301 (A^t^/oiMBiitt a mis-speUing <^ M^toHMiUtf GOnther). 
Seriola porosa: Sherrin, 1886: 301. 

SmoUlla punctata. CiW, 1893: 97; Hutton, 1896: 314; Waite, 191 1: 231; 1912a: 318; Fhillipps. 1921: 
120; 1927a: 12; 1927b: 31; Griffin, 1928: 376; Hefford. 1936: 72; Graham, 1938: 408; Parrott, 
1957: 58, Haedrich, 1967: 72; Stchman and Lcnz. 1973: 179; Robertson, 1975: 6; Francis and 
Fisher 1979: 5; Paul and Robertson 1979: 123; Paul, 1980b: 6; Grimes and Robertson 1981: 
261. 

SeriMla bitintata: Hutton, 1890: 278; Gill, 1893: 1 14; Regan. 1902: 202; Hutton, 1904a: 44; Waite, 

1907: 16; Thomson and Andcrton. 1921: 73. 
Senolella maculaUL Graham, 1953: 221; 1956: 217; Whitley, 1956: 405, 1968: 51; Gavrilov and 
Markina, 1979: 128 (not StnmaUus maculatus Forstar, 1792, a nemm dubium, see McDowall, 
1976). 

"Sihwr warehou": Paul. 1979: 55; 1980a: 5. 

Although this species seems always to have been clearly recognised in New Zealand, 
much otmfusion derives fixtm hs early description by Forster (1844) in die genus 
Gasterostexis. The emergence of another very old Ff>rster name — Stromateus maculatus 
Forster, 1792 — in Graham (1953 — as Serioleila maculata (Forster)) also caused 
confusion, and has been deak with elsewhere (McDowaU, 1976). The name is a nmtn 
dninwn and b certainly not a senior synonym of StriUtUa punctata. 

The inclusion of 5. porosa Guichenot in the synonymy may be somewhat debatable. I 
have not examined Chilean material, but Norman (^1937) found that S. porosa (Chile). S. 
Muk GQnther (Tasmania) and S. punctata were 'Srery closely related". Haedrich ( 1 967) 
stated that the counts for S. punctata and S. porosa are the same. But he argued that "It is 
unlikely that an essentially coastal fish such as Serioleila would regularly cross the broad 
expanse of ocean between South America and Australia", and that with study, '\9. porosa, 
S. punctata and possibly S. dohula will probably prove distinct". More recently, Stehman 
and Lenz (1973) have examined this question in detail and have concluded that the three 
populations are conspecific. 

The name & bilineata (Hutton) is a junior synonym of .S. punctata. Mutton's species 
being described under the misapprehension that the fish has two lateral lines, one of 
these supposed lateral lines being the principal longitudinal sub-dermal mucosal canal, 
which foliows the main longitudinal myoseptum, and which is prominent in & fiunctata. 

Common name: S. punctata is commonly and widely known in New Zealand as "silver 

warehou". 

Distinguishing characters: S. punctata can be distinguished by its slender form and 
pointed snoitf; ako by a "mask" of dark cok>ration on the head extending back to the 

anterior margin of body scales as a |X)int along the mid-dorsal line It has a distinct but 
low anterior spinous dorsal fin with stout spines, and differs from S. brama and S. caerulea, 
also from H. antarctica, in its high dorsal spine and ray count (S. punctata — VII-IX, 
35-39; S. brama — VII-IX, 25-27; S. caerulea — VI-VIII. 30-32; H. antarctica — IX, 
15-20). It most ck>sely resembles S. brama, which has a much longer pectoral hn (pectoral 
fin 55.6-76.8% of pectoral -anal length, mean 65.04 in S, punctata, 81.0-106.0, mean 92.51 
in 5. brama). 

Description: Moderately slender, back and belly evenly arehed. greatest depth at about mid- 
abdonu n. thitk-bcxlicd, becoming compressed towards tail. Caudal peduncle short and quite 
thick, tapering somewhat to caudal base. Lu king keels. Head of moderate size, deep and 
moderately thick. Eye of moderate size somewhat ovate, vertical axis longest set well down in 
lateral head, somewhat above mid-lateral, interorbital convex. Snout pointed and rather slender. 
Jaws about equal, mouth of moderate size, tieft slightly oblique, reaching to below about anterior 
eye margin, lips firm. Anterior and posterior nostrils ovate slits, close together, much closer to tip of 
snout than to eye. Edge of prcopcrculum finely denticulate; opercular margin with weak, flat spine, 
the ^Mne sometimes lost in brge ftsh also finely denticulate. 
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Teeth present on premaxilla and dentan, vers sniall. unistrial and close set, becoming biserial 
laterally in lari^e adults, no teeth on vomer. |>alaiin<-. pter^'goids, or basihyal but teeth on 
basibranchiaU. Gill opemngs extensive, opercular membranes not joined to isthmus. GiU rakers of 
moderate length, ttotit, toottied on inner margins; pyloric caeca few (about 3), finger-like. 

Unpaired Bns low; first dorsal origin above pectoral Bn base, fin very low, supported by short, 
stout spines, second to fourth longest, last spine tnore or less decund>ent %vithout membrane; fin 
membrane delicate, the fin folding into a groove. Second dorsal scarcely separate fivm first, more 

than twif r thr hritrht of first, highest at front, tapering quickly, outer rruir^in cotu a\c. fin base 
invcMed in thak fleshy skin, fin membrane tough and fleshy. Caudal tin forked, fin tips pointed. 
Anal fin similar to second dorsal, origin at about middle of second dorsal. Pectoral fin inserted a 
little bcknv mid body-depth, fin base moderately oblique, fin of moderate length, reaching only 
about ^3 distance frtmi base to anal origin, upper rays much longer than kiwer ones, fin scMUCwliat 
fal( ate F*< K i( fin origin below pectoral origin, fin small but strongK developed, triangular, folding 
into a distinct grtx^vc, connected to belly by a membrane along inner margin. 

Scales small, cycloid, round to rhomboidal, thin and very deciduous, covering trunk forv^ard to 
nape and isthmus, scale limits on nape very distinct with a flap of tissue covering base of 
ameriormost scales. Scales present on suboperculum, but operculum, preoperculum and 
remainder of head scaleless; pectoral, dorsal, and ami fin bases scaled, with scales extending well 
on to caudal fin base .Aboiii 110-120 scales along lateral line. Head and trunk covered with a 
profusion of small pores connected by a dense reticulum of mucosal canals. Lateral line curves 
gently upwards from opercular opening, following profile of back to caudal peduncle, somewhat 
undulating. 

Varfattioii: Morphomrtrit : See Table 1. 

Meristic: Uursal — VII ( I ), VIM (14), IX (1); 35(2), 36(4), 37 (8), 38(0), 39 (2); 
anal — III ( 18); 21 ( I ), 22 (2), 23 ( 1 1 ), 24 (2); pectoral — 19 ( 1 ), 20 (8), 21 (6). 22 (2); gill rakers 
— 5-1-14 (2), 5-1-15 (1), 6-1-13 (2), 6-1-14 (7), 6-1-15 (3), 7-1-13 (f), 7-1-14 (1); vertebrae 25 
(20). 

Coloon When alive silvery-blue to grey on the back, almost metallic, paling somewhat on the 
tides and sihwry>white on the belly. The head is a dark grey-brown above and around the snout, 
this cokiration extending back around the eyes Kke a mask to form a distinct nud-dorsal point on 
the top and bark of the head, the mask terminating at the mare;in of body scales. There is a dark 
bbtch above the pectoral fin base followed, in small specimens, by an irregular lateral series of 
siiuill dark spots. These tend to be less distinct or lost in larger fish. 

Size: The Iari;es( sp< < imen examined in this Mudy w<is 582 mm L.C.F., the species seems quite 
commonly lo exceed 5U0 mm. Graham (1956) recorded a lish 660 mm weighing about 5'/2 kg. 

Growth: Unlike many ccntrolophids, .S'. punctata attains approximate adult form at small size; 
specimens about KM) mm long are easily recognisable as small S. punctata, this indicating no 
obvious chanKS in shape with growth — nor do measurements firom a range of specimens 102.5 to 
362 mm L.C.F. 

Distribution: Widespread in southern New Zealand waters near the shelf edge and 
deeper, particularly in the Subtropical Goiwergence Zone fifxxn Chatham Islands to 

Banks Peninsula and the Snares Islands. Recorded as juveniles from inshore North 
Island waters as far north as Hauraki Gulf. Not unconunon at Auckland Is. Most 
coimnon between 300 and 500 m, adults generally range between 200 and 800 m, with 
juveniles (0+ and 1 + ) from 50-150 m. Principal recorded spawning/ nursery^ ground at 
Mernoo Bank. Schools for both feeding (especially on salps) and spawnin^^ but also 
occurs in smalt concentratiotis. Also present in southern Australian and South American 
waters (Patagonian Chile and .Argentina). The eggs of S. punctata are discussed by 
Robertson (1975) and the eggs and larvae by Grimes and Robertson (1981). Gavrilov 
and Markina (1979) reported that S. punctata is a macraplanbon eater, living on the 
tunicate fynsmot amphipods, coelenterates and salps. 

SniMU kntma (GOntber) (Figs. 3, 4) 

Neplontf nus hrama G\iiMh< r. I8B0 390 ihoiotvpe RMN'H 197.t: 9 23 1, not seen wyn- lot alits: New 
Zealand); Hutton, 1875: 133; Thomson, 1879: 382; Hector, 1884: 54; Sherrm, 1886: 104; 
Hutton 1890: 278. 

Neptonrmus hrama: Hector, 1872: 112; Hutton, 1872: 21; 1873: 262; Sherrin 1886: 104;Thomon 

1892: 209. 
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Fig. hmm (GOnther), juvenile, 106 mi L.C.F. (FRD-) 



SeritMta kramir Hution, 1890: 278; Gill. I8M: 1 14; Hutton. 1904a: 44; Thomson, 1906: 550; 

Waite, 1907: 16: 1911: 229; Thomson, 1913: 230; Phillipps. 1918: 270; 1921: 120; Thomson 
and Andcrton, 1921: 73; Phillipps and Hodgkinson. 1922: 95; Thomson atid Thomson. 1923: 
111; Buck, 1926: 623; Phillipps. 1927a: 12; 1927b: 31; Griffin 1928 376 Brnham, 1934; 31; 
1935: 22; Norman, 1935: 3; Heflbrd, 1936: 72; Wibon, 1937: 31; Bcnham, 1938: 56; Graham, 
1998: 409; Fowler, 1940: 766; Phillipps, 1947: 90; 194a- 129; 1949: 34; Graham, 1953: 218; 
Manter, 1954: 543. Graham, 1956: 218; Manicr, 1954 543: Graham, 1956: 218; Whit Ics, 1956: 
405; Parrou, 1957: 63; Uoogue and Moreland. 1961: 22; (Jraham, 1963: 168; Moreland, 1963: 
26; McLintock, 1966: 709; Paul, 1%6: 552; Haedrich. 1967 72; Heath and Moreland, 1%7: 
44; Hewitt, 1968: 1; Tong and Elder, 1968: 65; Whitlev. 1968: 5; Robertson, 1975: 14; 1980: 46; 
Patchell, 1979: 42; Paul and Robertson, 1979: 123, Struik and Bny, 1979: 31; Gavrilov and 
Markina, 1979: 128; Paul 1980b: 5. 
"Common warehou": Paul, 1979: 55; 1980a: 5. 

A few taxonomic or nomenclalural problems pertain to S. bmma, but these arc 
primarily a result of early discussions related to generic allocation. This problem seems 
Stable now, but extensive revision of the centrolophid genera is necessary and could result 
in change. 

Common imbc: This species is known as "common vrarehou" or "bkie warehou". 
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Dirtinguishing characters: S. brama is distinguished by its very long and fsdcate 
pectoral fins, also the small eyes set deep in the head, small mouth scarcely reaching 

anterior eye margin, the distinct, low spinous (iorsal fin usually with eig^ spines, and the 
low but distinct lateral keel on the mid-lateral caudal peduncle. 

Description: A large, heavy-bodied species, the trunk deep and thick, moderately compressed, 
back and belly deeply and evenly arched, greatest depth at mid-abdomen. Caudal peduncle 
relatively slender and short, tubular. Head large, very deep, much deeper than broad, thick. Eye 
small, deep set, about mid-depth in head, interorbital deeply convex. Snout tapering to an evenly 
and bluntly rounded tip. Jaws equal, mouth moderate, cleft only slightly oblique, scarcely or not 
reaching anterior eye margin, lips firm. Anterior nostril a simple aperture, posterior one an ovate 
slit, the two separated by a low and very narrow crest, nostrils much closer to tip of snout than eye. 
Edge of preoperculum free, smooth to softly denticulate; operculum projecting back above pectoral 
fin base as a soft flat spine. Gill openings extensive, opercular membranes not joined to isthmus. 
Gill rakers of moderate length, stout, toothed on inner margins. Teeth present on premaxilla and 
dentary, very small, uniserial, cardiform, no teeth on vomer, palatine, pterygoids, basihyal or 
basibranchials. Pyloric caeca numerous, branching. Unpaired fins rather low. First dorsal origin a 
little behind pectoral fin base, low, with short stout spines, 2nd to 4th spines longest but length 
fairly even, hn membrane delicate, second dorsal abruptly higher than first, anterior rays much the 
longest, these rapidly shortening and then fin low, margin roughly parallel to back, fin base 
invested in thick skin. Caudal fin deeply forked, fin tips pointed. Anal fin similar in form to second 
dorsal, originating below about middle of second dorsal. Pectoral fin inserted at a little below half 
body depth, level with lower eye margin, fin base moderately angled, fin king, reaching well 
towards level of vent, upper rays much the longest, fin strongly &lcate. Pelvic fin origin distinctly 
behind pectoral base, strongly developed, outer rays longest, fin connected to belly aUmig iraier 
margin by a weak membrane (often fractured), fin folding into a distinct but shallow groove on 
beUy. 

Scales of moderate size, thin and deciduous, about 90 along lateral line covering trunk but top 

and sides of head largely scaleless except for a patch of scales on operculum. Top and upper sides 
of head with a profusion of small pores. Lateral line curves upwards from upper opercuUr opening 
and then more or less follows profile of back to tail base, somewhat undulatory. 

Variatknu Morphometric: See Table 1 

Meristic: Dorsal — Vil (1), VllI (12), IX (26); 25 (8), 26 (7), 27 (17), 28 (4). 29 
(3); anal — til (39); 19(1), 20(4), 21 (10), 22 (22), 23 (2); pectoral— 19 (13), 20 (17), 21 (9), 22 
( 1 ); gill rakers — 6 1 1 5 ( 1). 6-1 -16 (7), 6-1-17 (16), 6-1-18 (1), 7-1-15 (1), 7-1-16(6), 7-1-17 (5), 
7-1-18 (2), vertebrae — 25 (11). 

Colour: When fresh a steely bhie to greenish -grey, slightly paler on belly, operculum and lower 

jaw somewhat metallic pink, eye blue-black, a large blackish blotch above pectoral fin reaching 
towards back. In preservative back brownish to grey-black, belly greyish, bbck blotch above 
pectoral fm evident 

Size: The largest specimen exaTnined was 603 mm L.C.F. Doogue and Moreland (1961) report 
it reaching "3 feet" (914 mm) and Scott et aL (1975) 30" (= 760 mm); S. brama seems commonly to 
exceed 5^ mm in length. 

Growth: .Xs in most centrolophids, young S. brama arc much deeper bodied and are more 
compressed than adults (Fig. 4). However, changes, in form with growth are not as striking as in 
some other species. 

Distrflwdon: S. brama is widespread in southern New Zealand coastal waters; it 

occurs patchily along west coast of North Island, and is uni ommon or rare on the 
northeast coast. Occurs from subtidal reefs down to 200 m and is most common on the 
inner shelf. Not reliably reported finom New Zealand's southeastern oflbhore islands and 
banks. Present in southern Australia. Schools, at least seasonally, probably for feeding as 
well as spawning. The eggs of S. brama were described by Robertson (1975) and 
spawning by Robertson (1980). Gavrikw and Markina (1979) reported that S. brama U a 
macroplankton eater, living primarily on the tunicate fynsmoy the salp lasts, and the 
euphausid Nyctiphanes. 

StrioUUa eatmUa Gukhenot (Figs 5, 6) 

Seriolella caerulea Guichenot, 1848: 242 (holotypc: apparently k>st — Norman, 1937: 116; type 
Iccalnv [uan Fernandez) Paul, 1978: l3;McDowall, 1980a: 6; Paul and Robertson, 1979: 123; 
Paul, 1980b: 5; McDowall, 1980c: 6. 



Copyrighted material 



McDowall — Centrolophid Jishes of New Zealand 115 




Fig. b—SerioUita aumUa Guichenot, 605 mm L.aF. (FRD-) 




Fig. 6—SerioUHa caerutea Guichenot, juvenile 196.5 mm L.C.F. {"ffriseolineatus" type) (NMW 
3192) 



Schtdophilus maculatus Vfaitc, 1904: 163; 1910a: 375 (not S. maculatus Gunther, I860). 
Palinunchlhys gnstoliiuaUu Norman, 1937: 117 (holocype: BMNH 1936.8.26: 1070 not seen; 
paratype (I): BMNH 1936.8.26: 1071, not seen; type locaHty: off the Atlantic Coast of 

P.itagonia, 49° GO'S, 61°58'W). 
Paliuunchthys caemieus Norman, 1937: 1 16. 
Schedophilus griseolineatus Haedrich, 1967: 62. 

SemUUa tinro Gavrilov, 1973: 631 (holotype: ZlAS 41-163 not seen; paratypes (30): ZIAS no 
number, not seen; type locality: Memoo Bank, east of New Zealand, 43**28'65'S, 176" 1 1'E, 
from 400 m); Eggieston, 1973: 7; Paul and Cawdiorn, 1977: 3; Gavrilov and Mariana, 1979: 
128. 

"White wanhou" Paul, 1979: 55; 1980a: 5. 

Problems related to the taxonomy of S. caerulca are discussed in McDowall (1980a). In 
brief, the conclusion of Norman (1937) was adopted, namely that the Chilean SerioUlla 
with 26 vertebrae is the fish Guichenot (1848) described as 5. caeruiea. S. griseolineatus 
Norman was shown to be the juvenile of S. caeruiea, both forms being jpretent in New 
Zealand and agreeing with S. tinro Gavrilov (McDowall, 1980a). Genenc assignment of 
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this species is problematical in view of the placement by Haedridi (1967) of £ 

griseolineatus in the genus Schedophibu Gocco. That placement is rejected here. 

Description of this fish under the name Seriolella caerulea predated my notification of a 
centroiophid specimen from Juan Fernandez in the collection at Scripps Instituticxi of 
Oceanography, at La JoUa, which was registered there as Neptommus crassus Starks (N. 
crasstis is not the same as Centrolophus crassus Valenciennes (in Cuvier and Valenciennes, 
1833)). This specimen is NOT Seriolella caerulea as it has 25 vertebrae, so that the 
assigmnent of the name caerulea to the form from Australia, New Zedand and Chile %vith 
26 vertebrae may be argued. This argument seems unlikely to be settled by comparisons 
of these two similar fish species with Guichenot's (1848) meagre original descriprtion. 

There is already a species from Juan Fernandez with 25 vertebrae. If intensive 
collecting of fishes around Juan Fernandez reveals only this one species, the name caerulea 
would then probably apply to it. In the meantime, however, I propose that the name S. 
caerulea Guichenot be retained for the species with 26 vertebrae following the usage of 
Norman (1937) and thus maintaining stability. Should it be shown that the name is not 
appropriate then the correct name would be £ griseoUm^us (Norman, 1937), a qiecies 
described from the coast of Argentina. 

ComiiMMi name: This species has become known as *Svhite %vardiou". 

Distii^ttishing characters: S. caerulea is distinct from all other centrokiphids in having 
26 vertebrae (including hypural). Its large eye (23.8-27.3% of H.L.) is abo distinctive as 
is its very deep body (BDV 33.1-44.0% of S.L.). The absence of a dark blotch above and 
behind the pectoral fin base enables S. caerulea to be distinguished easily from & punctata 
and brama. Its lateral line tends to be undulatmy. 

Description: A large, heavy-bodied species, the trunk very deep and thick, moderately 
compressed, back and belly deeply and evenly arched, greatest depth just behind pelvic fins. 
Caudal peduncle of moderate drath, short, and somewhat compressed. Head large, very deep, 
much <leq>er than broad, aomewlutt compressed. Eye large, set %veU do«m on head, interarfoital 
convex. Snout very blunt, rounded. Jaws equal, mouth large, cleft moderately oblique, reaching to 
a little beyond anterior eye margin; lips firm. Anterior nostril a simple aperture, posterior nostril an 
ovate slit, openings very ck>se together, nostrils nearer tip of snout than eye. Exlge of preopercuium 
denticulate, operculum extending back over pectoral fin base as a soft flat spine. Gill openings 
extensive, opercular membranes not Joined to isthmus. Gill rakers of moderate langth, stout, 
toothed on inner margins. Teeth present on premaxilla and dentary, very small, uniserial and 
cardiform, no teeth on vomer, paJatines, pterygtMds, basihyal or basibnmcluals; pyktic caeca 
numerous, small, branching. 

Unpaired fins rather low. First dorsal originates above pectoral fin base, very low, supported by 
tliK k, but Hcxible spines, fourth to sixth spines longest, fm folding into a shallow grcx)vc, fin 
membrane delicate; second dorsal scarcely sqiarate from first, hi^cst at front, tapering rapidly 
and dien fin margin about parallel to trunk, fin base invested in duck sldn. Quidal fis larked, fin 
pointed Anal fin similar in form to second dorsal, originating below about middle of second 
dorsal. Pectoral fin inserted at about two-thirds body depth, level with lower eye margin, (in base 
moderately angled, fin reaching about two-thirds or more of distance to vent, upper rays longest, 
semi -ovate to fokate in shape. Pelvic fin origin a little behind pectoral or^tn, fin sirac^ly 
developed, triangular, outer rays longest, fin connected to belly by membrane along inner margin, 
folding into an indistinct, shalbw groove on belly. 

Scales, small, cycbid, thin and very deciduous, about 120 akxig fattoal line, cewcring trunk 
ferwrard onto nape to about level of eyes, bases of pectoral, second dorsal, anal, and caudal fins. 

Ofjerculum scaled but head otherwise naked. Head covered with a profusion of ver\ small pores. 
Lateral line arches from above opercular opening, passes about parallel to upper trunk profile, 
never becominf straight akmg mid>lateral trunk, irr^lar and undulating bekwr second donai fin. 

Variation: Morphometric; See Table 1. 

Meristk: DotmI — VII (6), VIII (10); 30 (2), 31 (8), 32 (3), 33 (3); anal — II (2), 
III (14); 19 fl), 20 (0), 21 (4), 22 (5), 23 (5), 24(1); pectoral — 20 \ 5), 21 (6). 22 
(4), 23 (I); gill rakers — 6-1-12 (1), 6-1-13 (3), 6-1-14 (3), 6-1-15 (2), 6-1-16 (2), 
7-1-13 (1), 7-1-15 (2), 7-1-16 (1). 8-1-15 (1); veitebrae — 26 (II). 
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Colour: When fresh silvery-grey to creamy-white, no distinctive markings. In Preservative dull 
g gMo ^creainy-white, bead somewhat brownish. Juvenile coloration highly distinctive (sec 

Siic: Gavrilov (1973) reported on 31 specimens 350-570 mm S.L. (= 385-625 mm L.C.F.). The 
bfBHt I hrne Men was €32 mm L.CF. 

Growdkt Alkimeiry during growth it prevalent amongst centrolophid fishes and is evident in £ 

caerulea (Tabic 1 in McDowall, 1 980a). The young arc rather dccfjer bodied than the adults. Also, 
the dorsal and anal fois in the young are higher and more rounded, becoming lower and more 
fidcaie in lam adults; die rounded pectoral m trf^tb^ 
in shape, with growth. 

Coloration varies with growth, the young fish having distinctive longitudinal, irregular, pale and 
darit yrejr Mripes (Fig. 6) which diiappfar witfi grawmi. 

Distribution: & caerulea occurs widely in the southern temperate Pacific encompassing 
Tasmania, New Zealand, Juan Fernandez and Pacific and Atlaadc coasts of Patagonian 
South America. In New Zealand it is found in southern ofTshore waters, largely south of 
the sub-tropical convergence, and is particularly abundant and widespread in waters to 
the MNith and emA of the South Uand — Banks Peninsula to Chalhanw, Suutn^ 
Aucldand and Campbell Islands. It is taken in this area — on the Memoo Bank, Bounty 
Rise and Canqpbell Plateau — in large numbers by deep-sea commercial fishing trawlers 
using boHam tnrarls, OMMtly at depths between 400 and €00 m, less often up to about 
200 m and down as far as 700 m. It is also present on the west coast of the South Island. Tt 
seems to occur in s c hools, with sporadic large catches being made. P. Last (pers. comm.) 
reports this species " t wii u iioi i in depths greater tfian 300 fiithoms off tiie west coast of 
Tasmania". Depth ofcapture of large numbers is inversely related to latitude. These are 
all catches <d aduks and very little is known about the distribution of juveniles. Like other 
sUuuMleuidB, the young of S. caerulea may be surface living. Gavrilov and Markina ( 1 979) 
found that & oMmltsmdspriniarilycaithesalp /(Sf»aiidtosom 

Dr D. A. Robertson (pers. comm.) has obtained ripe eggs of & caerulea and fertilised 
them (see McDowall, I9e0a). 




SaitUlla lahyritakiea (McAUistcr and RandaU) (Fig. 7) 

Sfked^ibu Imfyrimikuus McAUistcr and RandaU, 1975: 1 (hokitype: MNC 67-501, tadiMraph 
sm; pantfypcs: (1) UBCCMIl not seen; (I) WBM €€42, not seen; type kxaJity: near 
Island}. 

SAeiifmm ornKK 9tAmm mad Lome, 1973: 190 (^rdm?) 
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TaaoDomy: Generic alloc at too of this species is problematicaL McAUtster and 
RandaO (1975) awfiied il to SckeiipkUat, falowii^ %mim\ wnA Lob s { I973i view 

that thr "S'hfd /C.'*--'-,' oialu species group*' has "two free predor^ intemeurals. as 
opposed to three in the others of the genus and in the related genera SenaUUa and 
Hypert^ljpke. However, this «Nmltl seemtobe a character of imiied value as an indicator 
of rclationshipw inasmut h as the ""t'.vo predorsals" condition can best be reearded as 
doivcd by kiss, and therciorc relatively easily repeated in di&xcnt S|rou|& StndtUm 
MjmmAumnayhdoog in the same genus as StMtjkihu wrfii, bat I dodbt that k bdtanp 
with S. medusophagus (lypt species of Srkidtpkihu) and 51 hmUomi Although this fish docs 
not has« as distina a separation of the spinous and braocfaed-raycd dorsal fins as is true, 
far intance, of StrioUlla punctata, and as is stipulated by Haedrich ( 1 967 ) in his diagnc»is 
tdSerideUa 'A seems to me that it belongs more properly in SenoM/a than in Schedtpkibis. 
Stehman and Lenz (\973i reached the contrarv concKision. but admincd ha\-in2 little 
familiarity with adults oi Schedophilm- It is critical to again emphasise thai the nature and 
scope of this problennlical genus must relate to the characters of the t>pe species £ 
medusophagus z-Tid is not particularlv affected bv the c haracteristics of the additional racfacr 
div«-se species aligi^ with it b\ a variety of workers. 

Stdiman and Lenz ( 1973) also su^^ diat diree nominal species — SeriMla celaiai 
Saiivage 1879, SmoUlla chnstophersoni Sivertsen, 1946 and Sduitpkilus labyrintkiems — 
are junior synonyms of Schedophilus otralis (Valenciennes, in Cuvier and Valenciennes, 
1833). However, McAllister aind Randall (1975) examined this question in some detail 
and came to the coiKhision that thev spe ci mens were distinct, thus descrSiing them as 
Schedophiluf lahyrinthicu^ 

Ckxnparison of incristic data in S. lobynnUma and piolaua Guichcnot ^1848) shows 
that counts are virtuaDy identical — & leAfiMiea (from McAlfisier and Randall, 1975) 
dorsal VII-VIII + 26-29 anal III + 18-19. pectoral i 20-22; gillrakers 
7 + 1 + 16-18, vertebrae 10 + 15. 5. oialacea {bom Haedrich, 1%7) — dorsal VII- 
Vin + 25-28; anal III + 18-20; pectoral 21-22; gillrakers 5-7+1-1- 16-18; 
vertebiae 11 + 14. 

On the basis of these data, there would be little hesitation in declaring the two sp>ccies 
synonymous. However, S. lafyriathica has the ^inous and rayed portions o( the dorsal fin 
contimious, lacking a distinct and separate spinous dorsal, whereas, £ vidacea is drawn 
by Chirichigno (I974j to have the spinous dorsal fin low and distinctl\ se;).ir i!!ir from a 
imich higher rayed dorsal fin. This is a marked difference — one of the chief ditlercnces 
between the genera SerioMla and Sckedof^us, as defined by Haedrich ( 1%7) — and 
therefore precludes treatment f)f S. l iolacea and 5. labyrmthica as synonyms. Furthermore, 
£ viotacM is described (Stehman and Lenz, 1973 ) as having pyloric caeca in a dendritic 
mass ("baumchenantiger Masse") whereas in 5. lalyrinthica they are few and fingerlike. 
The meristic similarities between & oioUiuaaad & /d^jmaltea are thus deceptive aiid do 
not indicate identity of the two species 

The New 2^land specimen described here is in broad and general agreement with 
McAllister and Randall's species, and their specific name is theieRjre used. 

Stdunan and Lenz (1973) and Ahlstrom et aL (1976) have discussed at some length 
the suggestion that S. labyrintkica and Sckedsphibu ooalis may prove to be geographical 
variants of the one sjiecies. 

This question and the additional question of whether S. christopkersoni and SeriotetUi 
labyrinihua are synonyms of ScfudcpUlta velaini must awak the acquisition of additional 
material and perhaps a general revision of the genus Schedophilus, possiWy also of 
SerioUlla. The collection of a specimen off Juan Fernandez (SIO 65-65(M2) that 
resembles .S labyrinthica, S. velaini xaA S. chfiittphmmi further adds to the confusion and 
makes brr>ad re-evahiation of this species group imperative when sufiicient material 
becomes available. 

Common name: none. 

D farin gii isii lng chaiaclenB A chunky, stout and firm-bodied species, mout bbnt, first 

(spinous) dorsal fin low, grading into second (soft rayed) dorsal Differs from S. punctata 
in being much deeper bodied (B.D.V./S.L. 41.1% compared with 23.6 — 29.3% in S. 
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Fig. 8 — Distrihiirinn in New Zealand waters of the rarer centrolophids — Tubbia tasmanka, 
Schedophilus hattoiUf S. Kunlatus, Icichthys australis, Centrolophus niger, and Seriolella labyrinthica. 

punctata) having much fewer dorsal fin elements (33, compared with 42-48) and lacking 
the dark head mask; differs from S. caerulea in having fewer elements in the dorsal fin (33, 
compared with 36-40 in .9. caerulea), 25 rather than 26 vertebrae, and much smaller eyes 
(E.D./H.L. 19. 1% compared with 23.0—27.2%); differs from .9, brama in usually having 
snnaller and non-falcate pectoral fins (Pec/Pec. An. 7 1 .0% compared with 70.9 — 90.9%) 
and in lacking a keel on the caudal peduncle. 

Description: Stoutly buih, deep-bodied, back distinctly higher than belly is deep, greatest body 
depth well in advance of nud-obdomen, tapering and becominff compressed towards tail. Caudal 
peduncle short, deep, and diatincdy compressed; lacks kcds. Head of m otfa ra te siae, deqp and 
thick, antercHdorsal edge of head^iape pmMcd, afanott crested. Eye smaM, set weD dowm in mcral 
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head, interorbital broad and deeply convex. Snout blunt, almost truncate. Jaws about equal, mouth 
small, cleft slightly oblique, reaching to about anterior eye margin, lips fiim Anterior nostril small, 

broadly ovate, posterior nostril larger, a semicircular slit much closer to tip of snout than to eyes, 
nostrils close together. Edge of preoperculum denticulate, opercular margin with a weak flat spine 
above pectoral fin base. 

Teeth present on premaxilla and dcntar\', ver\' small, uniserial, cardifortn. no teeth on vomer, 
palatine, pterygoids, basihyal or basibranchials. Gill openings extensive, opercular membranes not 
joined to isthmus. Gill rakers of moderate length, quite slemier. Pyloric caeca few and fingerlike. 

Unpaired fins low; dorsal origin distinctly in advance of pectoral base, about above upper 
opercular opening, dorsal fin supported by low, stout spines anteriorly, folding into a distinct 
groove, height of fin rising gently with no distinct change in fin height at last spine, soft-rayed 
portion of fin highest at front and quickly tapering, fin base invested in thick, fleshy skin. Caudal 
fin well-forked, fin tips pointed. Anal fin similar in form to soft rayed dorsal, origin at about middle 
of soft rayed dorsal. Pectoral fin inserted at about body depth, a little below tower eye margin, fin 
base moderately oblique, fin of moderate length, semi-ovate, upper rays longest Pelvic fin ori^n 
below pectoral base, strongly developed, triangular folding into a well-defined inid>ventral groove, 
connected to belly by membrane along inner margin. 

Scales of moderate size, about 90 along lateral line, strmig and adherent, covering trunk, absent 
from top of head but present on operculum, suboperculum with two rows auxNind anterior margin 
of preoperculum. Fleshy bases of dorsal and anal fins scaled, small scales extending well out on to 
caudal fin base. Little obvious development of mucosal canals on head and trunk. Lateral line 
more or less foltows profile of back. 

Variation: Morphometric: See Table 1 

Meristic: £>orsal — Vll-26; anal — 111-21; pectoral — 20; gill rakers — 6-1-16; 
veitdnac — 25. 

Colour: When alive described by collector as "a brilliant violet colour with white vertical bars". 
In preservative btotchy grey brown, head with distinct pale blotches on nape, above eyes, around 
nostrils and around angle of jaw; dorsal and atul fins greyish along fieshy baaes but dtfk brown- 
black along margins, outer fringes of pectorals and pelvics similarly dark brown-black. 

Size: Known in New Zealand only fix>m one aduk 461 mm L.C.F. McAllister and Randall 
( 1975) record 5. labyrintkiat up to 525 mm S.L. (« ca 620 mm L.C.F.). 

Growth: Nothing is known of the young of this species from New Zealand waters Ahlstrom el 
al ( 1976) published data on a juvenile 34. 1 mm S.L. in which the head is distinctly longer and the 
eye larger. Like most centrolophids, the juvenile has a deeper body, much larger dorsal and anal 
fim. and much kmger pelvics. The trunk is covered with irregular darker bkitchcs and 
vermiculations. 

Distributkm: From data in McAllister and Randal! (1975) and Ahlstrom et al. (1976), 
S. iabyrintkica is known from Juan Fernandez, Easter and Rapa-iti Islands, Lord Howe 
Island, and the "centiral water mass of the Sotith Pacific" as weU as now being known 
from New Zealand. If study shows this species to be synonynnous with one or both of 5. 
chmtophersoni and S. velaini, range would extend to Tristan da Cunha and/or St Paul 
(bodi islands in the southern Indian Ocean). 

The sole New Zealand specimen was taken by spear fishermen in the surf at 
Tutukaka, northea«iem shores of the North Island, New Zealand (Fig. 8). 

CttUroloplMu Lac^pMe 

Cmtrdo^tu LacCpMe, 1803: 441 (type species: Ptna tugra Gmelin, 1789: 132, by original 
monotypy). 

Haedrich (1967) lists the folkywing names as additional generic synonyms; none of 
these has any application to the New Zealand region: Acentrolophus Nardo, Gymnocephalus 
Cocco, Pomilus Lowe and Centrolcphodes Gilchrist and von Bonde. Parin (1958) 
considered teichtkysta belong in Centrdophus but later (Parin and Permitin, 1969) treated 

Idchthys as distinct. 

Generic diagnosis: Large, thick and firm-bodied centrolophid fishes in which the 
dorsal fin is continuous, with short soft, flexible spines grading into longer branched rays, 
dorsal fin origin well behind the pectoral fin bases. Pelvic fin insertion below pectoral fin 
bases. Lateral line arches a little above pectoral fins bitt descends to the nud-Utteral and 



Copyrighted material 



McDoicall — Centrolophid fishes of New Zealand 121 

runs straight from about anal fin origin. Vomer, palate, tongue and basibranchials 
toothless. Cbeeks ImL scaks; 25 vo^rae. 

The genus Ctatnhphu is regarded as being monotypic with one more or less 
worldwide species, C nigtr {Gmelin, 1789). 




Fig. 9—CeHtnlophtu iii^«r (GmeUn), 1035 mm L.C.F. (FRD-)- 




Fig. 10 — Centnlofihus niger (Gmelin), juvenile lOB mm L.C.F. (FRD-) 



Ctrntrolophui niger (Gmelin) (Figs. 9, 10) 

Perca nigra Gmelin, 1789: 132 (holotype: unknown; type locality "Rivers of Comwair'). 
Centrolophus maoricus Ogilbv, 1893: 64 (holotvpe: AMS 1.2969, not seen; type locality: New 

Zealand); Hutton. 1904a: 44; 1904b: 149;'Waite, 1907: 16; Regan, 1914: 19; 1916: 144; 

Thomson, 1926: 19; PhiUipps, 1927a: 12; 1927b: 31; Whitley, 1956: 405; 1968: 51. 
Cmankl*m nigm Renn 1914: 19; Haedrich, 1967: 65; Tninofv, 1975: 353; Paul, 1980a: 5. 
Seludaphihtt aoaiic Allien tt at, 1976: 435 (not £ aoalu Cuvier and Valenciennes 1833: 346). 

Taxonomy: Nearly all published New Zealand records of this species are based on 
early listings and on very few specimens. Haedrich ( 1967 ) considered that counts for fish 
described as Centrolophus maoricus from Australia and New Zealand fall "at the high end 
of the range of C. nigei^\ but he nevertheless included New Zealand populations in the 
cosmopolitan species C. niger. This approach is followed here. Dr C. Karrcr (pcrs. 
comm.) suggested that specimens listed as Schtdophilus ovalis by Allen et aL (1976) are 
juvenile C nigefy a view with which I concur. 

Common name: Though scarcely a commonly known fish, when found it is refisrred to 
as "rudder fish". 
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Distinguishing characters: C. niger is the largest and amongst the most heavily built of 
centrolophids in New Zealand waters, although rather more elongate than Hypero^lyphe. 
The very small pelvic fins distinguish C niger from other heavy-bodied species in New 
Zealand, in this regard resembling the thinner and more flexible-bodied Schedophilus, 
Tubbia and Icichthys. Distinguished by thick body, dorsal fin continuous without a distinct 
spinous dorsal, origin a littk behind head, relatively few finger-like pyloric caeca and 25 
vertebrae. 

Description: Trunk of riKKJerale depth, thick and firm, back and belly not greatly arched, 
greatest depth at about inid-alidomen. Caudal peduncle quite long, thick. Head of moderate size, 
thick and of mmlerate depth. Eyes small to niodcratc. slightly ovale (long a.\is vertical), set well 
down in head, interorbital convex. Snout k)ng, very blunt, truncate. Mouth large, somewhat 
inferior, tower jaw shorter than upper, tucking inside upper when mouth ii closed. Cleft only 
slightly oblique, reaching a little beyond anterior eye margin. Lips firm. Anterior nostril a simple 
round aperture, posterior nostril slit-likc, o()enings very close together and very close to tip of snout, 
almost opening forwards. Edge of preo(>ei c ukiin free with small soil spines, opercnfaun with a 
weak (lat spine above pectoral fin base, edge of bone finely serrate. Teeth present on premaxilla 
and dentary, very small and close set, uniserial or becoming irregularly biserial laterally in large 
adults. No teeth on vorn<'r. palatine, pterygoids, hasihyal or basibranchials. Cill o[Ki)ings 
extensive, opercular membrane not joined to isthmus. Gill rakers of moderate length, stout, toothed 
on inner marpns. Pyloric caeca few, finger-like. 

Unpaired fins low Dorsal fin continuous, with short, soft flexible spines grading into longer 
branched rays, dorsal Hn rising as a thick elevated ridge behind head, true origin of fin (first spine) 
well behind head, fin highest at about lOlhtO 12th element, subsequent rays k>wer and fin, on the 
whole, low and margin sli^tly concave; fin very thick, almost whole fin invested in thick fleshy 
skin, fin rays visible only towards fin margin. Caudal fin very weakly forked to emarginate, fin tips 
pointed. Anal fin similar in form to dorsal, low, very thick and fleshy, fin rays indistinct Fee toral 
fin inserted at about mid-body a little above lower margin of eye, fin base quite sharply angled, fin 
very small not reaching half way to level of vent, upper rays longest, fin semi-ovate to rounded. 
Pelvic fin origin below pectoral fin base, fin very small not reaching one quarter distance to vent, 
but thick and fieshy, triangular with outer rays longest, connected to belly by membrane along 
inner margin, folding into a shallow groove on belly. 

Scales cyclf)id, thin and moderately deciduous, very small, 150 or more along lateral line, 
covering trunk forward onto nape, to about level of hind margins of eyes, present on pectoral and 
caudal fin bases and covering most of dorsal and anal fins. Operculum and suboperculum scaled, 
but head otherwise naked. Head and trunk covered with a proftision of small pores. Sub-dermal 
mucosal system well developed, skin very thick. Lateral line arches slightly above pectoral fin base, 
descends to about mid-lateral above vent and then runs along mid-lateral to tail base. 

Variation: Morphotnetric: See Table 1 

Merisiic: f)orsal (total elements) — 37 ( I ), 38 (3), 39 (2), 40 (2), 41 (4), 42 (2); anal 
(total elements) — 24 (2), 25 (6), 26 (4), 27 ( 1 ); pectoral — 20 (5), 21 (4), 22 (2); 23 (3); gill 
rakers — 5-1-13 (1), 5-1-14 (4), 6-1-13 (h, 6-1-14 (6), 6-1-15 (1); vertebrae— 25 (8). 

Coloun When fresh, dull cokiured, dusky-brown on back paling to silvery-grey on belly, fins ail 
dark grey-brown. Head deep brown, paling on snout in fifont of eyes to a pMe creaniisb-|Mnk. 

I n preservative, grey-brown cm back, paling to grey-white on belly, head brown with snout a dull 

creamy-white. 

Sice: One of the largest stromateoids. Haedrich (1967) mentions one 1200 ram long, while one 
of those examined in me present study was 1 196 mm L.C.F. 

Juveniles are less elongate and ha\e higher fins than adults hut are less deep-bodied than 
juvenile Schedophtlus. They have two distinct broad dark vertical bands on the sides (Fig. 10). 

Distribution: C. niger has until recently only rarely been reported from New Zealand 
and in most instances from dead, beach-cast specimens. It has been taken recently in 
substantial numbers along the West Coast of New Zealand by deep -water trawders, has 
been caught on the Chatham Rise east of the South Island, and on the Campbell Plateau 
to the south. One %vas caught on a long Une in Hawke Bay. Beach-cast specimens have 
been taken on the Canterbiuy coast It is probably widespread in the New Z^eafamd 
region. 

C. niger h known from the North and South Atlantic, Mediterranean, Adriatic, South 
Africa, Australia and New Zealand. It may well be cosmopolitan in temperate waters. 



Copyrighted material 



McDowall — Centrolophid Jishes oj New Zealand 



123 



Large adults taken in trawls have all been caught in relatively deep waters between 400 
and 600 m, one sample at 805 m. Sub-adults, 300-350 mm L.C.F. have been taken in 
purse seines near the surface, and juveniles have been taken also at the sur&ce in a 
plankton net, around North Cape. Haedrich (1967) reported that the young may be 
found in surface waters in association with medusae and that the young *'are at first 
vertically banded but by the time they are about 100 mm kmg they have become a 
unifimn brown**. 

SeMnfikihu Ck>cco 

Schedtphibtt Gocco, 1839: 57 (type species: Schtdaphiiiu meduephagus Gocco, 1839: 57, by original 

monotypy). 

Coroplopos Smith, l9G6b: 1 (type species: Coroplopos dicologlossus Smith, 1966b: 1, by original 



The genus Schedophilus seems ill-defined and inadequately separated from Seriddla 

Guic henot, although the type species of the two genera arc very different. Haedrich 
(1967: 59) dia^osed Schedophilus by the "combination of deep body, broad, deep head, 
large eye, contmuous dcM^l fin with weak spines graduating to the rays and originating 
bef(H% the pectoral insertion, toothless palate and prominent spines on the prec^ercular 
margin". All of these characters except the "continuous dorsal fin with weak spines 
graduating to the rays" are in Seriolella, and of the species listed by Haedrich under 
Schedophibuy at least one, S. griseolineatus (Norman) has the spinous part of the dorsal 
distinctly and abmptly lower than the soft-rayed portion. {S. griseolineatus is in my view 
(McDowall, 1980a, see also p. 115) the juvenile stage of Seridella caerulea Guichenot.) 
The problem in diagnodi^ S^td^tlubisand separating it from SmMlaarian partly from 
the very small numbers of adult Schedophilus known, and the marked allometrv' that occurs 
during early growth. Schedophilus (as typified by S medusophagus) differs from Seriolella 
most obviously in that SeruMtc (as seen in & pcma Guichenot — the type species, also in 
£ AnsnMand S. caerulea) comprises relatively short, thick, and stifT-b<xlied fishes in which 
the spinous portion of the dcM^ fin is distinctly lower than the soft -rayed pmrtion, the 
penultimate dorsal spine being sometimes decumbent and fbtlofwed by a bnger spine at 
the anterior edge of the soft-rayed dorsal fin. By contrast Schedophilus contains elongate, 
thin, and flexible-bodied fishes in which the spinous portion of the dorsal fin can be 
distinguished from the soft-rayed portion only by dissection of the spines. A recently 
described species of "Schedophilus" — S. labyrinthicus McAllister and lUuidall — is clearly 
of the thick-bodied, Seriolella morphotype, although the dorsal spines are illustrated as 
graduating into the soft rays (see also p. 1 18). 

I have included Coroplopos Smith in the generic synonymy. Even though this fbrm has 

not been recorded from the New Zealand region, clarification of its identity is possible 
and seems profitable at this point. Coroplopos was diagnosed by Smith (19i66b) by the 
"peculiar nasal opening, apparently single, in a crater-like d^ression on the side of the 
snout*'. It seemed to me rather surprising that a centrdophid should be described a* 

having but one nostril when all others have two, since the number of nostrils is a 
particularly stable character in fishes. The explanation appears to be in the condition of 
the single known specimen. Akhough Smith { l966b: 2) noted that the "front part of the 
head is somewhat damaged", in fact (R. Winterbottom, pers. comm) "The type looks as if 
it's been in a head-on collision . . . The whole front of the head has had the skin removed, 
. . . the ja%v8 are broken, etc. The nasal cavities are there, all right, (ovoids about 1 cm 
across), but no tis.sue covers them. Presumably (?) it was either in better condition when 
Smith saw it, or else he thought the nasal cavity was the anterior nostril". In view of the 



(1973) reached the same conclusion. 

Haedrich (1967) listed eight species of Schedophilus; of these, at least one (5. 
griseelmeatiu (Norman)), is a Seridettm, and I suspect that McAllister and Randall's 

(1975) Schedophilus labyrinlhicus is also a Seriolella. How many of the remaining species 
listed by Haedrich (19(&7) really belong in Schedophilus will be determined only when the 
adults are found. The genus Schedophilus (including its ck»e relatives) clearly needs a 
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broad review. The genus is %ndeapicad in the Atlantic Ocean and in the wiettern and 
eastern Pacific. T«vo q>ecies occur in die New Zealand ana. 

Diagnosis: Elongate, vcr\' compressed, soft -bodied fishes, the dfirsal fin originating 
above the pecturai fin base, anterior dorsal spines soft and Hexibk, grading into soft rays. 
Pelvic fin insertion below or a little behind pectoral fin base. Lateral fine arches upwuds 
abcjve vent and runs along mid-lateral caudal peduncle. Pabce, tongue and 
basibranchials toothless. Scales very small, deciduous. 

KEY TO SPECIES OF SdudophUm 

— Dorsal fin with more than 50 elements: anal with more than 35; 30 vertebrae 

S. hulloni (J. 124 

Donal fin with 35-37 dementr, anal widi 26-27; 29 vottdirae 

A maaUaliu p- 125 




Fig. 1 l—SdudepkHMS hattmi (Waite), 685 mm L.CF. (CMC 1 13). 
Schedophilus hutUmi (Waite) ( Fig 1 1 ) 

Cenlroiophus maurtcus: Hutton 1904a: 44; 19041); 149; Waite. 1907: 16 (not Centrolopkus maorkus 

Ogilby, 1893, a synonym of C. niger ((Jmelin), 1789). 
Cmtrolaplm briUmicuK Hutton I9(Ha: 41; 19(Hb: 149. Waite, 1907: 16; 1910b: 388, Philiipps, 

1927a: 12; 1927b: 31. (not Centntophus brittanicus Gtlnther, a synonym of C. niger (Gmelm, 

1789)) 

Certiroli^hus huttoni Waite. 1910b: 387 (holotypc: C:MC 113, seen; type locality: beach-cast at 

Sumner, near Christchurrh ); Waiie. 1912a: 318; Philiipps, 1927a; 12; 1927b: 32; Whidey, 

1956: 405; Smith, 1966a: 506; 1966b: 2; Whitley, 1968: 5. 
Caroplofios dicologlossus Smith, 1966b: 1 (holotype: JLBS RUSI 604, not seen; type locality: "Irom 

deepish water ofTtbe (lape of Cioot! Hope? prec ise depth and ii>< .liitv not known"). 
Schedophilus huttoni: Hacdrich, I%7: 62: Trunov, 1969: 443; Haedrich and Horn, 1972: 40; 

Karrer, 1973: 239; Trunov, 1975: 351. 

Inclusion of Coroplopos in Schedophilus was discussed following the generic synonymy 
(p. 123). Inclusion of C dicologlmsus in 5. huttoni fcXkms from this and fitrnt the lack of 
any characters (apart from the supposedly aberrant condition of the nostrils), which 
distinguish the two species. Trunov (1969) has reported S. /u<«oni fixjm the southeastern 
Atlantic Ocean, probably not too fiu* fitmi the origin of Smith's specimen. I have included 
the record of Trunov, from the South Atlantic, in the above synonymy because so very 
few adult specimens of S. huttoni have otherwise been reported. Trunov provided data 
based on 24 specimens, far more than all previous captures combined. 

Common name: .V. hulloni is a vci^ larcly collected species w ith no common name. 

Distinguishing characters: Elongate, very compressed, and rather limp, dorsal hn 
origiiuuing far forwards over the pectoral fin bases, anterior spines short and soft, ray- 
like. ;inrl t^radini^ in length into branchefl rays, more than 50 elements (spines+rays) in 
dorsal lin; pelvic tins very small, almost vestigial; 30 vertebrae. 

Description: Trunk elongate and very romj)rfss(d. back and belly only slightly arched, greatest 

IxkIv depth at alxHii mid-abdomen. (laud.il pcduni Ic of moderate liiiiith, slcfider and compressed. 
Head small, compressed, much deeper than broad. Eye of nvxlerate si/e, deep on lateral head, 
intemrbital convex, snout blunt and somewhat truncate, long. Jaws about equal, mouth large, cleft 
only slii»htly oblique, rea( hing well beyond anterior eye margin; lips firm. Anterior nostril a simple 
round a(K:rture, posterior <ine more slit-like, nostrils very close together and much nearer tip of 
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snout than eye F.dtjr of |)rr(ip<.Truluni free, finely clrntic ul.ilc i)[KTculum w ith one or two flat and 
very weak spines, posleroventral margin finely clenticulait. I'ecth on preniaxilla and dentary 
extremely small and fine, uniscrial and close-set in a ver\ uniform, comb-like row; no teeth on 
vomer, palatine, pterygoids, basihyal, or basibranchials. Gill rakers of nxxierate length, stout, 
toothed on inner margins; pyk>ric caeca numerous, long, branching. 

U npaired fins low; dorsal fin continuous, originating just behind head, rising as a low ridge with 
soft flexible si)ines jjraciintj into soft, branched ravs of more or less uniform length, base of fin 
sheathed m thick skin. Claudal hn sonn-what forked, fin lips pointed. Anal tin similar in form to 
dorsal. Pectoral fin origin somewhat below mid body-depth, base moderately angled, fin small, not 
reaching H% distance to vent, upper rays longer, the fin semi-ovate in shape. Pelvic fin origin below 
pectoral fin base, fin very small, almost vestigial, triangular, attached along medial edge to 
abtlomen St ales \er\ small. (Ai loid, sonieuhat clrt idiuiiis, LHM) or more along lateral line, 
extending lorward ont») nape to about level of preoperculuni, present on bases of pectoral, dorsal, 
caudal, and anal fins. Operculum and preoperculum scaled but head otherwise naked. Head 
covered with a profusion of small pores; these present but not nearly as obvious on trunk. Lateral 
line arches upwards and then downwards slightly above pectoral fin but then runs more or less 
straight along trunk to caudal fin base. 

Variation: Morphomctric and meristic: See Table 2. 

Colour W hen fresh, unknown. 

In preservative a uniform dull greenish -brown to brown, some paler areas on head above 
opercuhim and on snout; fins uniftmnly dark; distinctive markings lacking. 

Size: Known from very few spec imens up to 800 rran L.C F (K irrt r. 1973). 

Very few small S. hutlunt mv known. Ahlstrom rt nl. i 1976) listed five 18.4 to 33.0 mm 
length. They illustrated a specimen 25 mm lung showing it as being quite deep bodied, 
with very high dorsal and anal fins (up to two-thirds body depth at vent) and dark 
pigment bars across these fins and extending on to the trunk. Cradd<x-k and Mead (1970) 
collected two (21 and 59 nun) in the southeastern Pacific, olF Chile. One of these 
(MCZ 55142-59 mm) which is badly damaged and appears heavily bleached, shows 
even larger dw^l and anal fins with darker bars fiuntly evident in the dorsal fin. 

Diitributiont Known in New Zealand fiom beachcast specimens collected at Sumner 

near Christchurch, near Hokitika, and at Jacksons Bay, .South Westland (Fig. 8) and one 
trawl caught at about 800 m over the Lord Howe Rise to the west of New Zealand; also 
known fiom eastern Australia (Australian Museum, Sydney-New South Wales coasts), 
from the southeastern Atlantic between 18° 47' and 26°25'S (Trunov, 1969), and the 
eastern and southeastern Pacific (Ahlstrom rtai, 1976; Craddock and Mead, 1970). It is 
probably southern circumpolar. 

Specimens caught by Rtissian research vessels in the southeastern Atlantic were taken 
in bottom trawls at depths of between 165 and 570 m. It is enigmatic that S. huttoni is 
known primarily from relatively large specimens; other species of Schedophilus lire known 
primarily from juveniles (e.g. see McDowall, 1980b). The juveniles reported by 
Craddock and Mead ( 1970) were taken by IKMT between 0 and 200 m, while those of 
Ahlstrom el nl. (1976) were captured at the surface by dip net. Haedrich and Neilson 
(1966) reported a juvenile (40 mm) from the stomach of an Alepisaurus taken by longlinc 
in the southeastern Pacific. 

Trunov (1969) noted that all of the specimens examined in detail, amongst his 
material, were females, and that a female 720 nun S.L. (L.C.F. 835 mm and weighing 

3.55 kg) contained more than 233,000 eggs. 

ScA<«/a^t7ta maru/aftu Giinther (Figs. 12, 13. 14) 

Schedophilus maculatus Gunthcr, 1860: 412; (holotype: BMNH 1848.3.16: 150, radiograph seen; 
type kxality: China seas); Watte, 1894: 219; Allen et oL, 1976: 435; Ahlstrom «t aL, 1976: 322; 
McDowall, 1980b: 147; 1981: 492. 

Schtdo^ilm mcarmmtius Kner and Steindachner, 1866: (holotype: listed as ZMH464 by Haedrich, 
1967, but Karrer, (pen. comm.) suggests that the holotype is more probably NMV 16724, not 

seen; type locality: "Sudsec" — Haedrich, 1%7: 62, suggested "presumably near Australia"). 

HtpUeoTfphis pkysaUmmm WhiUey, 1933: 68 (hokitype: formerly AMS, now k>st; paratype (I): 
AMS lA 5565, seen; type k)caJhy: Manly, New South Wales). 



Copyrighted material 



126 Journal of the Rayed Society of New Zealand 



— CM — Oe^t^ior-r-- 




3 
8 



M m S In CO n er» 



0» Tj" 



CO 



22 



C4 « C4 >n '4* <o m ^ M ' ««eM<<'oo««eo — ««« 



cs4CMOcoooom-'OOCMcovO'<fi40inaocN9>enO)— (Ooocooo 
(N CI m CM m ^ r» m m M etmeo "^n <ooi inm Mm m M 



CM 



CM 



a> «n <o 00 CM to CM m r~ CO CO CM Tj" 00 m o> , . , , . , 

•n <b CO CM m — ih — csi «p ed i< o in ^ oi ^ edr^ lO ^ II I co I I 



CM 

00 



^ en 



C -r lO so CO 



— a-. — 



Q0VO000<0l00r~00'C«nQCM009i00r>.eOOt-"CMCM — CM— >o> 

— — I— eo— ■■*'pSt^-*eo— <-^CMCM — envocMifteMCMeoeo — 



CO 

in 



552 IgSg 



inin'*'i-'*CT>coincoCTicoeor^O>"<j'coco — CM(7> — vooi 



to 



cotocM — CM^— O0'^a)00)t0(0^(^co— •minotcoco r~ 
CM C4 » tr> CM «n ^ r» CO CM — « eo — ^ oo cm rf» cm cm eo 'cm 



O) 00 CO 

lO CO — 




— r~ oi — CO C> in in C 4 i£) CM CM 00 lO cr . 1 ^ 
CM — — lO— 'incor^coCM — CMcoco — CO 



00 O to 00 , — 
* ifS 00 I Q 

CM if> CM »« • eo 



CM 

CM 0> Ol — 

«o en — • 
•n 



00 _ 




Copyrighted material 



McDowall — 



Centrolaphid Jishes of New Zealand 



— ^ ^ 



ij> o in , a~. 



jjjodgdg I I l««gjoi iojj;. I I I i i I I I 1 



CM 



o 



t£>cO!nc^O'*in«ir)OOinio^OTfr~Tj>eotooo — eooovDooo 

lO^£jlOM^eolHQlric6eoe^ie^op^oi^£>•^a>lQeoaio6^^ a>0>r^-I.oo£;Sc5 



CM <£) 



erjr~inO'^co(Nv0^r»r»eo«'*'^cOTt'r-CMCotDen<r)ir)0 



— 00— eoO'^'*'*<Mint^eo»najO»r^oq— >a>f~;^a>eoeoirj 

S'««epoie6<^QMe<iQcooic4oio><4<r>^ine<<oi 



CM > _ 



Oi eo «0 00 r» — cotoio — — ocn— , m<o r> o> O) — , 



en — «— r».co'*«otn'*«wcMCNic>*e>*'*aieMif>e^CMenc^ie^ 



If 0> — eo 2 

« — ^ «^ pL, 



eoooeocMintOi-»co(NoocMr^oivDr^cr»oO'*oo — if)f~O<0io 
«c^inc>M0d-^eQQO>c!j<-^c6>r>r<^iriKed(O 



2 



^y?o — CMO^cooiQ-^r^enoicocoinvooo — 1^1X5 — or^co — r- — «inoOi 



e«Q>tf>M(ptoo)we<i<onpoqr«n^ip'^eqoo>eom'4^ — ^ 

— w ^ 



' :>QP; 



4 S^jJ J 

r < OO «3 c/3 



(8 



s 

3 



.s s 

C v> ^ u 
lie - _ 'J 

5 _ o 



2 i 



128 Journal of the Royal Society of New Zealand 




Fig. 12 — Schedophilus maculatus GUnthcr, 280 mm L.C.F. (NMW 7638) 





Fig. 13 — Base of dorsal fin of 
Schedophilus maculatus showing pores 
opening along fin base. 




Fig. 14 — Schedophilus maculatus GUnther, juvenile, 99 mm L.C.F. (NMW 4530) 
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Pnihlcms related to the taxonomy of S. ffloniiiter were discussed by McDowall (1980b) to which 

reterence should be made for details. 

Diitiiigiusliing cluuacterK The vertebral count of 29 is diagnostic for this species in the &nuly 

Centrolophidac The bold, reticulate blotching covering the head, trunk and fins is characteristic 
of the much compressed juveniles up to about 100 mm long. I wo much larger adults (275, 
280 mm L.C.F.) arc dark brown, and unmarlced. A canal along the base of the dorsal fin, running 
between the fin-ray bases and c^>ening to the exterior by pores behind each fin ray, appears to be 
present only in this species (McDowiul, 1981). 

Description: (based on two adults): Trunk deep and much compressed, back and belly evenly 
and moderately arched, body shape an elongate oval; greatest body depth at about vent. Caudal 
peduncle short and deep, strongly compressed. Head of moderate size, very deep, much deeper 
than broad, naich c o m pr e ss ed. 

Eye large, surrounded by a low rim, set deep in head, intcrnrbital convex. Snout short and ver\- 
blunt, almost truncate. Jaws about equal, mouth of moderate si/e, ( left only slightly oblique, 
reaching back to about middle of eye. Lips thin and firm. Anterior nostril a simple aperture 
surrounded by a low, fleshy rim, posterior nostril an ovate slit, openings closely adjacent, somewhat 
nearer tip of snout than eye. Edge of preoperculum free, with numerous, fine spines, operculum 
with one broad, flat spine above pectoral fin base, and numerous fine spines, like those on 
preoperculum below. Teeth on premaxilla and dentary, very small, conical, uniserial. No teeth on 
vomer, palatine, pterygoids, basihyal or basibranchials. Gill openings extensive, opercular 
membranes not joined to isthmus. Gill rakers of moderate length, stout, toothed on inner edges. 

Unpaired (ins lung and rather low, dorsal fin origin above opercular opening, low anteriorly 
with short spines, grading into longer branched rays, fin base heavily sheathed by fleshy skin, a 
longitudinal canal running within fin bases, opening to exterior as paired pores behind each fin 
ray (Fig. 13). Caudal fin moderately forked, fin tips somewhat rounded. Anal fin similar in form to 
dorsal but lacking longitudinal canal at ba.se. Pe( toral fins inserted somewhat below mid body- 
depth, fin base inxlerately angled, fin very small and rounded, not reaching half distance from 
base to vent. Pfclvic fin origin below pectoral fin base, fin small, triangular and partially connected 
to belly by membrane, folding into a distinct mid -ventral groove along belly. 

Scales small and thin, cycloid, about 100 or more along lateral line, deciduous, covering trunk 
fcMWard to nape, operculum scaled but head otherwise naked. Bases of dorsal, caudal and anal fins 
extensively scaled. Head covered with a profusion of small pores. Lateral line follows profile of 
back, from upp>er opercular opening to caudal fin base. 

Two small specimens ( 75, 99 mm L.C.F.) are similar in general form to the above sub-adults but 
somewhat deeper-bodied and more compressed; all of the fins are larger, the pectoral and pelvic 
reaching much further than half distance from bases to vent. One specimen has the first (outer) ray 
of one |)elvi( tin tnueh elongated ( Fig. 14), a condition evident in some small Australian specimens 

of this species but no doubt altered in many instances during capture. 

Variation: Morphometric and meristic: See Table 2. 

Colour I have not seen fresh specimens, but one small example (75 mm L.C.F. — AIM AF 

403) has "Bright silver with spots and bars, azure blue" written on the label Mau! (1964: 95) 
described it has having "conspicuous blackish blotches arranged in irregular cross bands". 

In preservative the two adults are uniform dull brown without distinctive markings, the dorsal 
and anal fins somewhat darker. A small juvenile. 28 mm L.Cl.F., taken in New .South Wales 
waters, tias a series of dark and pale vertical bars. Somewhat larger specimens are a dull grey- 
bnwvn with a reticulum of dark and pale brown patches or bbtches on the trunk and spreading 
onto the unpaired fins (Fig. 14). 

Size: The largest known specimens of this species, obviously small adults, are the two ^>ecimens 
described here, 275 and 280 nan L.C.F. Otherwise only small juveidles are known. 

Growth: The two large specimens differ from the juveniles both in form and coloratttm, 

probably indicating substantial changes in habitat with growth. The larger fish are a little thicker- 
bodied and have much smaller fins as well as lacking the blotched coloration on the trunk. 

Distribution: S. marmoratus Kner and Steindachner (a junior synonym of S. maculatus) 
was described from "Sudsee", which Haedrich (1967: 62) interpreted as "presumably 
nem' Australia". Certainly the species occurs in eastern Australian waters. Allen et aL 
<1976; 435) recorded it from Lord Howe Island, and Ahlstrom et at. (1976: 322) from the 
"central water mass of the South Pacific", suggesting that it "may prove to have a circum- 
global distributicm in the southern ocean". Fowler (1936) descnbed its distribution as 
"Pelagic in the warmw Atlantic and Indo-Pacifk". In New Zealand it has been taken 
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from ofT Whangarei Heads, Northland, from near Mount Maunganui, Bay of Plenty 
(juveniles), and from over deep water north and northwest of Raoul island, Kermadec 
Islands. 

The apparent rareness of this species probably indicates that it is an oceanic -pelagic 
species found in and over deep water. Maul (1964) and Ahlstrom et al. (1976) reported 
taking small juveniles with dip nets under jellyfish, as is characteristic of small 
stromateoids. The two New Zealand adults were taken at depths in excess of 300 m, in 
mid-ocean waters more than 1 700 m deep, sug^sting a movement during growth fix>m 
the surface to deeper waters. 

Icichthys Jordan and Gilbert 

Icichthys}oTdui and Gilbert, 1880: 305 (type species Icichthys lockingtmi Jordan and Gilbert, 1880: 
305, by original designation). 

Parin and Permitin (1969) have described the genus Pseudmcichthys for the Southern 
Pacific fiirm IckkUtjfs australis Haedrich (1966), but neither Krefft (1969) nor Haedrich 

and Horn (1972) have accepted the new genus. I follow these authors, considerinsj thut 
the broad relationships of these strange centrolophid fishes are poorly understood and 
that the situation is not helped by the proliferation monotypic genera. 

Generic diagnosis: Elongate, thin and flexible-bodied centrolopfiid fishes in which the 
dorsal fin is continuous, with short, soft, flexible spines grading into longer branched rays, 
the fin being very low anteriorly, originating well behind the pectoral fins. Pelvic fin 
insertion below (>ectoral fin bases. Lateral line arches a little above p>ectoral fins but 
descends to mid-lateral and runs about straight from a little behind anal fin origin; scales 
present on cheeks and forward between eyes; vomer, palate, tongue and basibranchials 
toothless. Vertebrae 49-60. 

Two species of Icichtkjfs are recognised, one finom the North Pacific, the other widely 
distributed in southern cool temperate areas, including New Zealand waters, from where 

it was first described. 

Icidithys australis Haedrich (Figs. 15, 16) 

Icichthys australis Haedrich, 1966: 201 (holotype: ZMC not seen; type locali^r: "Dana Station 3644 
f, 44*39'S, 173'>40'E," east of New Zeabnd (not west as noted by tfaedrich, 1966: 199)); 

Ahlstrom etaL, 1976: 313; Haedrich and Horn, 1972: 29; Krefft, 1969: 4; Pernudn, 1969: 178. 
Pseudoicuhthys australis: Parin and Permitin, 1969: 789; Gavrilov, 1979: 146. 

Icichthys australis is recognised from New Zealand waters on the basis of a Juvenile 
collected by the Dana expedition in 1928-29 (and which remained unrecognised until 
1966), and an additional small adult taken to the southeast of Stewart Island in 1979. No 
further specimens are known from the New Zealand region. Inclusion of the species in 
this review is based on these records, but description is in part from material collected in 
the South Atlantic. No taxonomic problems are yet evident apart from the question, not 
addressed here, of the generic separation of the northern and southern fixtns of Idchtfys. 

Common name: None. 

Distinguishing characters: Distinguished from most New Zealand centrok)phids by 
the thin, flexible, soft-bodied form, thereby resembling Schedophihis and Tubhia. It differs 

from both of these in having the dorsal fin origin well l)rhiii(l the [x ( toral fin bases. The 
very high vertebral count (49-51) is distinctive, as are the tubular laterosensory pores on 
the snout and interorisital. 

Dcacrmdon: Trunk of moderate depth, thin and fiexible, back and belly not greatly arched, 
greatest depdi at about mid-abdomen. Belly in cross-section tapering to a thin, but soft ventral keel. 
Cauda! peduncle of moderate length, thin Head of moderate size, thin and deep. Eye small to 
moderate, set well down in head, interorbital convex. Snout short, bluntly rounded. Mouth of 
mixlerate size, jaws about equal, mouth slightly overhung by snout, cleft slightly oblique, reaching 
to about anterior third of eye. Lips &m (Form of nostrib not clearly cvKlent in study materiu 
owing to erosion of snout) Lower edge of preoperculom free, finely denticulate; operculum with a 
wesJt, flat spine above pedoral fin base, bone finely serrate on lower edge. Teeth present on 
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Fig. \i—taehthys malniis Haedrich, 324 mm L-CF. (ISH 22/76). 




Kg. 16— /ctdktA^fMtffra/iiHaedrich, juvenile 69 mm L.C.F. (ISH 17(V76). 



premaxilla and dentar^', very small, even, cardiferm. No teeth on vomer, palatine, pterygoids, 

basUiyal or basibranchials. Gill opcnini^s extensive, opercular membrane not joined to isthmus. 
Gill Itdters of moderate length, stout, toothed on inner margins. Pyloric caeca very numerous, 
branching. 

Unpaired fins low Dorsal fin continuous, with short, soft, flexible, spines grading into longer 
branched rays, rising slowly on back well behind pectoral fin base, margin of tin slightly convex, 
Bn thick and fleshy at base, but becoming thin and membraneous distally. Caudal fin well-forked, 
fin tips bluntly pointed Anal fin similar in form to dorsal. Pectoral fin inserted at about mid body 
depth, at about level of mouth, fin base quite sharply angled, fin very small reaching about one 
third distance to vent, soft and rather membranous with weak rays, rounded in ihape. Pelvic fin 
very small, almost vestigial, no membranous connection to belly evident. 

Scales cycloid, thin, deciduous and very small, covering trunk forward on head and on to snout, 
on opercula and cheeks, and spreading out on to all fin bases. Head and trunk covered with a 
profusion of fine pores, sub-derinai mucosal system well developed. Also a series of laraer, tubular 
iateroaensory pores on upper head (Fig. 15). Lateral line runs aliuusl straight vom upper 
opercular angle to tail base. 

Variation: Morphometric and mcristic: See Table 2. 

Coloian Fresh colour unknown. Preserved specimens (in ak»hol) are a dull brawn, the fins 
distinaljr darker brown to abnoit black, the <^>ercular margin and tips also dark brown; otherwise 
no distinctive markings 

Size: A specimen in the Institut fUr Seefischcrei, Hamburg, is 810 mm long and another **c.a. 

600 mm". Specimens between 300 and 400 mm are well represented. 

Growth: The meagre material available suggests that allometry may be less evident in /. australis 
than in some other centrolophids. Compared with other species the juveniles are quite slender and 
elongate (Fig. 16). The fins of Juvenilei are more expansive. 

Distribution: In the New Zealand area /. australis is known ofi" the Canterbury coast 
and to the southeast of Stewart Island. Several specimens from the New Zealand area, 
identiiied as "I. austraiis" and supplied to me by the Japanese Far Seas Fishery Agency, 
proved to be examples of TvAbia tasmaniea Whitley, a similar and rebtted form 
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Fig. 17— TViMm tasmmiM Whitley, 406 mm LG.F. (NMW 7614) 





Fig. \9—Tubbia tMmanifa Whitley, small juvenile. 68 L.C.F. (NMW 7612) 



Copyrighted material 



I 



McDowall — Centrolophid Jishes of New Zealand 133 




Fig. 20— 7u^ tasmanica Whitley, outlines of Bsh 68, 133, 216, and 406 mm L.C.F. showing 
albmetry, paitiailarly of body depth, eye size and fin dimensions. 



(McDowall, 1979). Otherwise /. eustmlis is known from seas ofiT Tasmania (T.M.H. 
D1651), the south Atlantic and sub-Antarctic (Permitin, 1969; Parin and Permitin, 1969; 
Krefft, 1969), and southwestern Pacific (Gavriiov, 1979). Gavrilov suggested wide 
southern circun^iolar distributioii. 

Few specimens of this species are known — the holotype, one additional New Zealand 

specimen, five reported from Russian exp>editions to the South Atlantic (Parin and 
Permitin, 1969; Permitin, 1969) and 44 in the collections of the Institut fur Seefischerei, 
Hamburg. Obviously little can be ascertained from the small amount of material available 
but some inferences may be made. Most specimens taken by German expeditions, both 
Juvenile and adult, have been taken in deep to very deep waters, 600-1000 m, one down 
at 2000 m, and in very ccM waters (2.5-3.7*0). One specimen was taken at 200 m 
(I S H data). The Russian data show juveniles taken at moderate depths (179-325 m) 
(Permitin, 1969; Parin and Permitin, 1969), but their two larger specimens (267, 
239 mm) were taken at the surface, over very deep water (4200 and 2000 m) and again in 
cold waters ( 1 . 14-5.73° Cl. The holotype — a small juvenile — was taken at night in a net 
with 1000 m of wire out and so presumably at a considerable depth. These data suggest 
that /. amtratis is largely a species of deep and coM waters. The statement of Permitin 
(1969) that / aus trails is a "moderately warm-water species" seems unsupported by any 
published data. His statement that "it is thought that the spawning and development 
grounds of its area are distinct" is also without obvious data to supf>ort it. His conclusion 
that '*the species multiplies in the warm sub-antarctic waters of the southern hemisphere, 
apparently on the shelf, close to the shcnes, and it grows in the %vater$ of Antarctica" 
appears to be largely conjectural. 

Tubbia Whitley 

Tubbia Whitle\', 1943 (t^pe species: Tubbia tasmanirti Whitley, 1943, by original designation). 

Problems related to the generic taxonomy of Tubbia were discussed by McDowall (1979) who 
suggested close relationship to Schedophilus and Icichthys. The distinct genus was retaiticd on the 
grounds that the way the predorsal bones and pterygiophores interdigitate is distinctive ( .Milstrom 

dl, 1976). These authors believed that "TVMur almost certainly is a distinct monoty])ii ^rnus in 
the family Centrolophidae, perhaps most closely allied to Schedophilus" . It is considered that "until 
Schedophilus is better defined and interrelationships of the species better understood, it seems 
appropriate to retain the genus Tubbia" (McDowall, 1979: 736). Generic diagnosis: Essentially 
like Schtdtphibts, ek>n^te thin and flexible>bodied; 43-45 vertebrae. As the genus Tt^bia is 
monotypic a fiill generic diagnosis would be redundant 

Tubbia ta$mamca Whitley (Figs. 17-20) 

Schedophilus medusophagus: Smith, 1934: 95 (not SI nudiisophagus Cocco, 1839) 

TMia tatmanica Whitk7, 1943: 179 (hoktype: AMS1B1148, seen; type locality: off eastern 
Tasmania, 42*41'S, I48*»34'E, between 50 m and the snr&ce); Ahlstrom tt al, 1976: 298; 

McDowall, 1979: 736. 

Sckedcpkibu huttmk Haedrich, 1967: 62 (partim)? 
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Problems in the taxonomy of T. tasmanica were discussed by McDowall (1979). Since 
that publication 7! Uumamea has been collected %yidety although in small numbers from 
the New Zealand re^on. 

Diagnosis: A compressed elongate centtx>lophid fish with dorsal fin origin above 
pectoral fin bases; single long, low dorsal fin; very reduced pelvic fins; closely resembling 
other centrolophid fishes, particularly Sched&philus species, ftx)m which it can be 
distinguished by its vertebral count of 43-45. The oblique linear rows of small pores along 
the dorsal and anal fin bases seem distinctive and facilitate identification. 

Description: Body elongate oval; trunk of moderate depth, greatest depth just in front of vent, 
tapering to short caudal pcduru Ic. peduncle somewhat longer than deep, body very compressed 
throughout. Head of moderate size, ven, deep and compressed. Eye large, well below upper head 
profile, interorbital narrow and convex. Snout very blunt and rounded, slightly overhanging 
mouth; mouth of moderate size; jaws about equal; cleft crf'mouth slightly oblique, reaching bade to 
below about middle of eye; lips firm. Anterior nostril and simple aperture, posterior one an oval 
slit; nostrils close together and about equidistant from tip of snout and anterior margin of eye. Edge 
of p r eoperculum firee, spiny; operculum with two very weak flat spines dsove pectoral fin base. 

Teeth on premaxilla and dentary fine, uniserial and sli£rht!\ separated; no teeth on vomer, 
palatine, pterygoids, basihyal or basibranchials, but root ot mouth and tongue covered with 
numerous fine, superficially tooth-likc papillae. Gill openings extensive, opercular membranes not 
joined to isthmus. Gill rakers of moderate length, stout, toothed on inner margins. 

Unpaired fins strongly developed although low. Dorsal fin very low anteriorly with short soft 
spines, grading into increasingly long soft rays, fin remaining low; fin base grading into body, 
heavily sheathed with thick skin and scales, base line thus very indistinct (counting of fin elements 
is both difficult and uncertain). Caudal fin small, forked, fin tips pointed, base scaled. Anal fin 
similar in form to dorsal fin, origin at about mid-body length. Fn t or il fin insertion low, base well 
below mid-body depth, fin base relatively broad, vertical; fin very small, paddle-shaped, not 
reaching distance to vent Pelvic fin inserted directly below pectoral base, very reduced, little 
more than a vestige; ftdding into distinct groove on mid-ventral a bdomen; no membranous 
attachment to belly. 

Scales very small, about 120 along lateral line; cycloid, deciduous, extending over bases of 

dorsal, caudal and anal fins; head, including opercles, preopercles, chin, nape and snout 
extensively covered with scales. Lateral line arching upwards from upper opercular opening, 
curving down again below dorsal fin origin and more or less following back profile to base of tail, 
sl^tly undulatoiry above vent Pores very numerous, particularly on snout, around eyes and mouth 
and on chin; a broad band <^pores along back bctow dorsal fin, a similar band above anal 
pores along fin bases in distinct, oblique rows of about 8-10 pores each. Pyloric caeca numerous, 
simple, finger-like. 

Variation: Morphometric and meristic; .See Table 2. 

Colour: RiUher uniforin dull brownish without distinctive markings. Dorsal and anal fins darker 
chocolate brown, also opercular membrane; snout and opercles a little paler. Little colour change 
in preser\'ativc Whitley (1943) described the small juvenile holotype (72.5 mm) as "Dorsally and 
lateral!) pale mauve, fading to silver below, spots on head silver. Fins slightly darker than body". 
In alcohol, New Zealand juvenile of 116 mm dull, unmarked greyish -brown, a little darker on 
back, dorsal and anal fins dark grey. Juveniles, 57 mm and 70.5 mm, light brownish on head and 
back down to lateral line; bdow dtis peppered with many small round spots; dorsal, anal and 
pelvic fins brown, contrasting with colour of trunk. 

Size: Known to reach 450 mm L.CF. (407 mm S.L.). 

Growth: Shwe changes greatly with growth, as can be seen fiom confMuristms of body 
proportions in Table 2 (Fig. 20). In particular, the body becomes more elongate with growth, the 

head relatively much shorter, and, as a result, predorsal and [)rcanal dimensions also show relative 
decreases. The size of the pectoral and pelvic fins is also relatively much smaller in large 
necimens. Akhough not evident in Table 2, the relative heights of the dorsal and anal fins abo 
oecrease markedly with growth. 

Distribution: Known from off eastern Tasmania, and off the Natal coast nf South 
Africa. In New Zealand it occurs oiT the southwestern coast of South Island on the 
southern Can^>bell Plateau, to the south of New Zealand and northeast of the Chatham 
Islands (Fig. 8). T. /o^mantM is possibly of gpieral distribution in southern cotd-temperate 
to subaittarctic waters. 
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The smallest specimen (57 mm) was taken inshore at the surface, the intermediate 
ones ofishorc in deeper waters, the largest ones (373, 402, 406 mm) in bottom trawts at 
775'800 m. I his su^sts that with growth T. tasmanica moves offehorc and descends to 
greater dqiths, the adults living in deep waters. 
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APPENDIX: Material examined 

ffyperogfyphe aniarctica: (FRD material not retained) 
FRI5: Bay of Plenty, August 1971. 

FRD: 40° 42' S x 176° 45' E 290-330 m, 26 May 1971 

FIU): 42° 09' S X 1 70° 34' E, 365 m (R. V. James Cook station J 05/0 12/71) 

FRD: 40*35' S X 176*50' E. 290-330 m, 25 May 1971 

Seriolella punctata (FRD material not retained) 

FRD: 38° 39' S X 173° 52' E — 38°35' S x 173°50' E 106 m, 12 November 1971 

(RV yam« Coo* station J 16/43/71) 
FRD: 40° 18' S x 173°47' £ — 40° 15' S X 173° 46' E 86m, 8 January 1972 (RV. 

James Cook station JOl/17/72) 
FRD: 40° 24' S x 1 73° 44' E — 40° 28' S X 174*46' E 75 m, 13 May 1971 (RV. 

James Cook station J 06/90/71) 
FRD: 40*04' S X 173*21' E — 39*57' S X 173*26' E 95-96 m, 12 May 1971 (RV. 

James Cook station J 06/77/71) 
FRD: 43° 16' S X 174° 24' E, 485 m, 28 April 1976 (R.V. Shinkai Maru station SM 

5) 

FRD: 43°41'SX 174°45' E — 43°2' S X 1 73° 22' E 483 ro 28 April 1976 (RV. 

Shinkai Mam station SM2/6) 
FRD: 43° 23' S X 174*27' E 487 m 28.4.76 (RV. Shinkai Man station SM 2/7) 

Seriolella brama (FRD material not retained): 

FRD: off Canterbury Coast, 45° 05' S X I7l°2r E — 45° 02' .S X 171° 22' E, 

65-67 m (R.V. W. J. Scott smion 44/T4), 11 December 1979 
FRD. 45°05' S X 171°21' E — 45°52' S X 171°26' E, 89-91 m (RV. W.J. ScoU 

Starion 445rr4), 1 1 December 1979. 
FRD: 43° 44' S x 173° 13' E — 43°47' S X 173*11' E, 58-60ni(R.V. WJ. Seott, 

Station 489/T9), 23 January 1980. 
NMW: off Kapiti Island, 0-6 m, 20 June 1971 (giU net). 

Seriolella caerulea 

NMW 3192: Cook Strait off Cape Campbell. 90 m, 17 June 1%2. 

NMW 5813: off Auckland Islands, 51°0r S. 166° Iff E, 507-500m, (RV. y««Mr CM 

.Station J 3/13/72) 21 February 1972. 
FRD: Chatham Rise, off Canterbury coast, 43° 16' S X 1 74° 24' E, 485 m (RV. 

Shinktti Man station SM 4) 28 April 1976. 
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FRD: 43022' S X 1740 25' £, 280ni, (R.V. Shinkai Mam station SM 9) 29 April 

1976. 

FRD: 43«30' S X 174*46' E, 463 m (R.V. Shinkai Mam station SM 14) 30 April 

1976. 

FRD: 43*46' S X 175* ICK E, 493 m (R.V. Shinkai Mam station SM 16) 1 June 1976. 

FRD: 430 23' S X 174* 27' E, 487 m (R.V. Shinkai Mam station SM 2/7) 28 April 

1976. 

FRD: 43° 12' S X 174" 18' E, ? m, (R.V. Shinkai Mam station .SM 2/35), GJune 1976. 

FRD. Chatham Rise, off Canterbury coast, 43° 44' S x 175°00' £, ? m. Sijuly 1975 

(determined as £ tinn by Dr Gavrilov). 

Seriolella labynnlhica: 

NMW 8020: Tutukaka, near Whangarei, speared under floating debris, 15 March 1979. 

Ctntrolophm niger. 

FRD: Hawkes Bay, line caught, no date. 

FRD: Chatham Rise, ofT Canterbury, precise k)cality unrecorded, (R.V. Shinkai 

Mam, Cruise 2, 1976). 

FRD 43*25' S x 1 74° 28' E — 43° 19' S X 174*21' E, 486 m (R.V. Shinkai Mam 

sution SM 2/U) 30 April 1976. 
FRD: 43*23' S X 174*27' E, 487 m (R.V. Shinkai Mam station SM 2/7) 28 Apr 1 

1976. 

FRD: 43° 41' S X 174° 45' E — 43°2' S X 174° 22' E, 483 m (R.V. Shinkai Mam 

station SM 2/6) 28 April 1976. 
FRD: off North Cape 173° 10' S x 34° 25' E, over depth 120 m 10 September 1977 

(R.V. Ikatere, surface plankton net). 

FRD. ofT Paxtons Point 173° 15' S X 34° 40* £, over depth 40 m 6 Septenober 1977 

(R.V. Ikatere, sur&ce plankton net). 
FRD: Spirits Bay, 172*50' S X 34*20' E, over depth 60 m 9 September 1977 (R.V. 

Ikatere, surface plankton net). 
FRD: off Te Totipc Head, 173° 10' S x 34° 30' E, over depth 80 m, 7-8 September 

1977 (RV. Ikatere, sur&ce plankton net). 

Schedophilus huttonl. 

CMC 134: beach cast at Sumner, near Christchurch, 16 March 1903 (holotype). 
CMC 1 13: beach cast at Hokitika, March 1965. 
NMW 5571: taken in shallow water, Jacksons Bav, 1 Februars 1972. 
NMW 9762: over Lord Howe Rise, west of New Zealand, 37° 43' S X 169° 1 1' E, 
797-840 m, 28 January 1960 (R.W. James Cook, Station J 2/34/81). 

AMS IB 

3644: taken by trawl off Montague Island, N.S.W. 36*15' S X 115*15' E, 

September 1956. 

MCZ 55142: South eastern Pacific Ocean, off Chile, 33° 20' S x 73°4r W, 31 January — 1 
February 1966 (R.V. Anton Bnmn, Cruise XIV, coll. 50). 

Schedophilus maculatus: 

NMW 7637: near Kermadec Islands, north of New Zealand, 27° 51' S X 178 56' £ to 

178*58' E, 360ni, «ver 1700 m, 18 June 1976 to 19 June 1976. 
NMW 4530: Mount Maunganui, 1965. 
AIM AF403: off Whangarei Heads, 10 December 1933. 
AMS lA6535:washed ashore, Maroubra, N.S.W., Australia, 8 December 1935. 

Icichthys australis: 

ISH 170/76: South Atlantic Ocean, 43° 25' S X 49° 58' W— 43° 26' S X 49° 58' W, 

600-620 m. 20 November 1975. 
ISH 222/76: 46° 44' S X 49° 59" W — 46° 46' S X 49° 59" W, 980 m, 21 November 1975. 
ISH 433/71: 38° 20' S X 54*33' W, 1040-997 m, 5 March 1971. 

FRD: 48° 55' S x 170° 17' E, 770-795 m (F.V. >K«s«niiHfu/e station W 04/173/79) 29 

September 1979. 

TMH Dl651:off southeastern Tasmania 47*09' S X 148*10* E 2 January 1980. 

Tubbia tasmanica: 

NMW 7612: Dusky Sound, 45° 45' S X 166° 37' E, at surface, 10 February 1973. 
NMW 7613: off Puyseger Point, southwestern Fiordland. 46*20' S X 165*31' E, 167 m 

over 2000 m (R.V.James Cook Station J 2l3ll6). 
NMW 7164: Southern Campbell Plateau. 53° 26' S X 173° lO'E. 800 m. 
AMS IB 1 148:off eastern Tasmania 42°41' S X 145°34' E 0-50 (hniotvpe). 
TMN D 1650: off southeastern Tasmania, 47° 12' S X 148° 27' E, 15-200 m, 2Januar> 1980. 
RUSI7423: off Natal. 
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NMW 9648: Pukaki Rise (?), 43«25' S x |74«33' E, 80(K810 m <F.V. WetenmaiJIe Station 

VV 04/200/79). 3 Ot ioht-r, 1979 
KRD — : Ckx>k Strait. 41°45' S X 174° 28' t, 18 m, uvcr 1 12 in . James CW I 

19/24/78) l.T I>ccmbcr. 1978. 
NMW9649: South of the ClamphK-ll Risr, 48° 55' S X I77»17' E, 770-795 m (FV 

VVtscrmundt W, 04/173/79), 26 September, 1979. 



Reteivfd, 17 December 1980 
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Aspects of the geology and hydrology of Nettlebed Cave, 
Nekon, New Zealand ' 

AnneC. Wright* 



Nettlebed Cave, Nelson, oonsistt of several well<levelopcd rift passages 
superimposed on an older, three-dimensional maze of phreatic tubes which in 
places is prefcK iitially developed in the [)lane of transposed bedding. The cave is 
ibrmed in both massive and flaggy Arthur Marble and is the result of a complex 
hydrological history of successive lowerings of the water table. Bodi bedding 
(transposed) and fiiKtiires (probably fiiuks) are major geological controb of cave 
development, 

INTRODUCTION 

Nettlebed Gave and the Pearse resurgence are a cmttinuous system (A. Cody, pers. 

comm "I !(K atrd on the eastern side of Arthur Raiitjc. Nelson, New Zealand (Figs. 1, 2). 
The Pearse catchment is considered to be the eastern watershed between The Twins and 
Flora Saddle, including the area of the Ellis Basin where dye tracing has pnived the 
hydrological connection between Grange Sleeker and Pearse resurgence (Professor P. 
Williams, pers. comm.). Many shafts are known from above the bushline within the 
Pearse catchment area (James and Montgomery, 1971; WatscHi et ai, 1971; Newman, 
1973; Shannon, 1973; Montgomery et aL, 1976), bvt few have been ibund within the 
bush, perhaps because of the hitherto limited amount of time spent prospecting the steep 
forested terrain. 

The PcMTie resurgence (SI 3/ 136378), at the head of Pearse Stream (Fig. 1 ), has long 
been known and is clearly marked cm the topographical map of the area. The resurgence 
is a vaiiclusian spring with an average discharge of about 2 m'/s (Scarf, 1972; Pugsley, 
1979). Divers have penetrated atxjut 60 ni oflarge phreatic pas.sage but were unable to 
find dry leads (Blundell, 1975). Water temperature was measured at 8. 1°C in March 
1971 (Cody, 1973). 'Nettlebed' is the name approved by, and registered with, the New 
Zealand Speleological Society (NZSS) for this cave. It is not an ofRcial geographic name. 
Various underground features have been named by cavers, usually the original explorers. 
These names appear on the NZSS map of Nettlebed (Cody, 1980), and some are 
described by Cody (1979). 

The only known entranc; to Nettlebed Cave (S13/ 132375) is in the usually dry 
bouldery bed of Eyies Creek, almost a kilometre upstream from the confluence of that 
stream with the main Pearse Stream, just below Pearse resurgence. This entrance was 
discovered during the 1969-1970 NZSS Mt Arthur Expedition (Watson el ai, 197 1 ) but 
was not explored imtil the folbwing October. Between 1971 and 1973 several trips 
explored, surveyed, and photographed the entrance series, including the lower level 
passages leading to the Midas Chambers (Cody, 1973). The entrance series comprises all 
passa^ies east trf'Hinkle— Horn— Honking- H<^s (Fig. 3). By mid-1973 surveyed passf^ 
tolalkxl 1.3 km. 

Blasting in the small passages at the top of a massive 20-m-high Bowstone slope was 
finally successful in January 1979 (Cody, 1979), opening up the prospect of a major cave 
system. more trips during that year expbred and surveyed Portalverst, Oubliette — 
Reprieve Alley, lower Poms Progress — Spillway, and Caecumslither, culminating in 
October in the discovery of a large waterfoU chamber, now called Jacobs Well (Fig. 3). 
The climbing of the 53-m-high water&U in Jacobs Well during the 1979-1960 NZSS 
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Fig. 3 — Projection of Nettlebed cave onto a vertical plane aligned magnetic east -west, showing the location of 

Nettlcbcd £xp>edition allowed exploration upstream including the discovery of Ancient 
Briton and the Cobweb Zone. By June 1980 surveyed passage length totalled 9.9 km: 
surveyed height/depth stood at 341 m (Cody, 1980). 

The field work upon which this article is based was largely carried out durint^ the 
1979-1980 expedition. Grid references given refer to the SI3 sheet of the NZMS-1 niap 
series (1:63 360). 

Note The term sleeker used above comes from the Mendip Hills, southern England, 
and refers to a more or less vertical hole ix shaft into which a stream flows, either 
continuously or intermittently. 

GEOLOGY 
Rqponal geology 

The geology of the upper Ptearse catchment, here taken as the area drained by Eyies 
Creek, Pearsc resurgence, and Whisky Creek, has been described by Johnston (1974) 
and Shannon ( 1973), but the following summary is condensed from Grindley (1980). 

Arthur Range is an uplifted, faulted range of block mountains composed essentially of 
metamorphosed sedimentary rocks, including the Arthur Marble, Mt Arthur Group 
(Middle to Upper Ordovician). On the western side of the range these rocks have been 
overthrust by older (Cambrian) roclcs forming the Haupiri Nappes. Along the eastern 
margin of the range, rocks of Nb Arthur Group are intruded by the Riwaka Igneous 
Complex (Upper Devonian to Carbtxiiferous) and in places abut Separation Pmnt 
Granite (Lower Cretaceous). 

Several mountain building episodes have deformed these rocks which are now folded 
into a broad anticline running the length of Arthur Range (see cross-sections in Shannon, 
1973; Johnston, 1974; Grindley, 1980). Large faults with both vertical and horizontal 
displacement trend along the range, branching in the Mt Arthur area to produce several 
fiiuk-bonded bk)cks. 

The many karst features of the upper Pearse catchment are devebped within the 
Arthur Marble. The limestone precursor of this marble accumulated as a lar^e reef 
(Grindley, 1980) amid terrigenotis sediments, which, in this area, are now represented by 
the overlying Flora Facies of the Wanjpqpeka Formi^on. 
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Geology of the Necddbed am 

Shannon (1973) regarded the marble in the Nettlebed area as belonging to the Twins 

Member, his uppermost subdivision of Arthur Marble. His description of the unit, based 
on field work in the Ellis karst field, is largely consistent with my observations around 
Nettlebed cave. 

Lithology. The marble is typically of low metamorphic grade and consists of massive 
blue-grey marble permeated by an irregular network of rccr^stalliscd calcite veinlets, or 
of alternating laminations, less than I cm thick, of white and dark grey marble. These 
lithologies pass upwards into poorly bedded, less pure marble containing micaceous 
horizons and layen of quartzite boudtn. The upper litholDgies in places develop a flaggy 
af^iearance — for example, just downstream frmn the cave entrance. 

Petrography. The massive and laminated marble is composed of anhedral, 
interlocking calcite crystals some of which arc twinned. Cr\'stals are typically 0.5 - 1 mm 
across. Anhedral quartz grains, less than 0.2 nun across, are scattered throughout, and a 
rare rounded opaque mineral is also present. Strain deformation of cleavage in calcite is 

evident in the two samples from The Mine area; one of the samples has been brecciated 
into chips 1-15 mm across and rccementcd in a very fine grained calcite matrix. 

In the upper lithologies the marble is composed of anhedral interlocking calcite 
crystals about 0.5 mm across. Some crystals show evidence of strain deformation of 
cleavage. Recrystallised vein calcite is usually in optical continuity with the wall rock. 
Tiny anhedral quartz grains are scattered throughout, rounded opaque grains form an 
accesscxy mineral in most sam|^, and flakes of white mica, about 0.5 mm long, were 
found in two samples. 

The quartzite boudin are composed of anhedral, interlocking grains of quartz 1 mm or 
less across. Calcite is present both as a cement, accounting for about 10% of the rock, and 
as tiny veinlets. The quartz-calcite boundary of the boudin is gradational over 2-3 mm. 

Stracture. The upper Pearse watershed occtipies the southwest portion of a block 

bounded by major faults, including Thorns Fault to the northwest and Arthur Fault to the 
south (Fig. 4). This block is cut by numerous small faults (e.g., the fauk at the 
downstream end of the gorge below the cave entrance in Eyies Creek). Jointing is also a 
prominent feature of the marble, akhouf^ this aapttit %vas not studied. 
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Below ground it is not generally possible to distinguish &ults from joints, because of the 
general lack of suitable reference planes in the massive marble. The most notable 
exceptions are in the entrance scries (Fig. 5), where faults are seen to of&et bands of 
quartzite boudin and even the boudin themselves (see below). 

Bedding sensu stricto is rarely seen; it has been transposed by intense deformation to 

produce an a[>i)arent bedding. However, this transposed bedding seems to be roughly 
parallel to the plane of true bedding, and elsewhere in this article is simply referred to as 
"bedding". 

The quartzite boudin, well exposed in boulders in the bed of Eyles Creek just bek>w 

the cave entrance, are formed from the boudinaged limbs of folds or the fold hinges which 
have become separated from their much attenuated fold Umbs (Fig. 6). The enclosing 
marble displays intricate flow folding. In the Volcano Tube area snudi fiiuks pass directly 

through the boudin into the surrouiidinti; marble, indicating that both lithologies have 
been subjected to brittle fracture during a later phase of deformation. 

Evidence of fault movement since cave development is preserved by formation in the 
cave, for instance, broken and recemented cdumns (Fig. 7) and stalagmiiei that have 
devdoped a second pnmg after halving been displaced. 
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Fig. 5 — Map of the entrance series showing geological measurements. 



GEOLOGICAL AND HYDROLOGICAL CONTROLS 
OF CAVE DEVELOPMENT 

The cave is formed in both the massive and laminated marble, «nA in the overlying 

flagg\' marble. The upper lithologies are particularly noticeable in the entrance series, 
where quartzite boudin arc common (e.g., Knobbly Tube, Volcano Tube), but are also 
present in several passages in the upper levels (e.g., Tippy Toes). 

The cave is essentially a three-dimensional maze of abandoned phreatic tubes that 

\arA in size i:p to 10 m in diameter. However, much of this phreatic maze is preferentially 
developed within a plane sui^paraliel to bedding which strikes approximately magnetic 
eait-west and dips 4b-50* to the north. This |Mp e fere n tial planar devdopment has been 
ccHitrolled by a ccmibination of both bedding and fractures. 

Within this plane there arc four major levels of passage development: Caecumslithcr 

i lowest), Portalverst, Oubliette —Reprieve Alley - upper Poms Progr«», and Ancient 
Iriton (highest). The lower Pno levels are terminated to the west by the Spillway, a rift 
passage occupied by the main stream. It is postulated that this rift formed along a fault 
zone that of&ets lithok^ies suitable for cave development. As yet the geology of the 
Spillway has not been investigated, but the pretence of a major fiuik (Thorns Fault) 
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Fig. 6 — Boulder in the bed of Eyles Creek exposes quartzite boudin set in marble. The folded 
nature of the quartzite is evident in some boudin. 



parallel to the Spillway and about a kilometre to the west is evidence of nearby faulting 
along this trend. 

Cave development under past phreatic regimes 

Most subhorizontal phreatic tubes have formed along fractures, for instance, that 
section of Portalverst immediately west of the Up and Overs (Fig. 8). However, only in 
Reprieve Alley, where the slickensided face of a boulder longitudinally bisects two small 
phreatic tubes (Fig. 9), was it possible to prove that these fractures were definitely faults. 
Some tubes, instead of having a typical circular cross-section, have an elliptical cross- 
section elongated in the plane of the fracture (Fig. 10). 

Steeply-dipping phreatic passages are typically formed within the plane of bedding, 
being roughly aligned down dip — for example, the Volcano Tube, which has beds of 
quartzite boudin ex|X)sed along the walls. In most cases these steeply-dipping tubes are 
not associated with prominent fractures and therefore have slightly flattened oval cross- 
sections controlled by the plane of bedding. 

The Prickly Tube area is a steeply-dipping two-dimensional maze of phreatic tubes 
(Fig. 1 1 ) developed along the bedding plane. Just east of this area more extreme solution 
of the marble, possibly along a bedding plane fracture, has removed many of the 
intervening pillars of a similar two-dimensional maze, leaving a large stoped out chamber 
called The Mine (Fig. 12). This chamber dips at an angle of 40-50° northeast over a 
vertical height of 40 m. 

Scallop markings on the walls of many tubes (Cody, 1980) generally indicate an 
easterly and upwards current, suggesting that there were once old risings in the vicinity of 
the Meltdown, and the eastern end of Oubliette passage. Since then the water table has 
dropped considerably, reaching its present level generally about 25 m below the cave 
entrance. 

Present phreatic regime 

When the water table is low enough, normally fkxxled phreatic tubes become 
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Fig. 7 — Fractured and reccmented column in the passage just west of 
Hinkic— Horn— Honking- Holes indicates that movement has occurred along the fracture since 
the colunui formed. Photograph by R. Newman. 

penetrable and ofTer an excellent opportunity to observe active phreatic passages, for 
instance, those leading to the Midas Chambers. These fracture-controlled tubes are 
formed in massive dark grey marble and vary from 1 to 8 m in diameter (A. Cody, pers. 
comm.). Highly polished f)ebbles and a lack of mud suggest considerable water 
turbulence, as do the scalloped walls. The water table in this section of the cave is known 
to rise dangerously fast (R. Newman, pers. comm.) and although water turbulence may 
relate to this flooding period turbulence must also be sufficient to maintain mud in 
suspension when the water is receding. For this reason it is likely that the lower levels do 
not merely flood with a rising water table but actually have through flow. 

During p>eriods of flooding it seems that the water table may rise to the level of the cave 
entrance, presumably as water backs up in the cave. However, in contrast to the active 
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Fig. 9 — The slickenslided face of a boulder in Reprieve Alley bisects two small phreatic tubes. 
Drawing from photograph. 




Fig. 10 — Phreatic tube above Snow Passage has elliptical cross-section aligned along a fracture 
in the marble. Drink bottle for scale. Photograph by R. Newman. 
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Fig. 1 1 — Two-dimensional phreatic maze in the Friciclcy Tube area. The camera is ltK)lting 
down at about 40° . Photograph by R. Newman. 




Fig. 12 — The stoped out area of The Mine. Photograph by R. Newman. 



Ci 



Wright — 



Aspects of the geology and hydrology of Nettlebed Cave 



155 




Fig. 14 — Dirt lines rim the walls in Porridge passage indicating past water levels. Photograph by 
R. Newman. 



phreatic tubes below, micaceous sand in some higher level passages near the entrance is 
redistributed (Cody, 1979) by flood waters that merely rise and recede without significant 
water turbulence. 

There is about 0.7 km between where the main stream sumps in the cave and Pearse 
resurgence. Water flow is probably phreatic over much, if not all, of this distance. From 
observations around the Pearse resurgence, J. Ash (pers. comm.) has postulated that 
phreatic drainage is forced to the surface by the presence of insoluble argillaceous rocks 
(Fig. 4). 

Past and present vadose stream regimes 

The main stream issues from the base of a major rockfall and flows eastwards in a large 
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rift passage characterised by several major rockfalls; this instability is attributed to the 
passage having become too large to support itself. The stream then plunges 53 m into 
Jacobs Well, and flows in a narrower, northeast-trending passage, characterised by 

several small waterfalls, before it sumps. 

In the past, before the formation ofjacobs Well, the main stream probably continued to 
flow eastwards through Reprieve Alley, sumping in the vicinity of Snow Passage. This 

explains the apparent continuity of passage size, shape, and instability betMWen Reprieve 
Alley and the main stream passage above Jacobs Well 

With a signiticaiu drop in the water table, possibly caused by tectonic uplift, the main 
stream probably began to percolate into the postulated &ult zone. This new drainage 
would have rut down into the fault zone relatively quickly, eroding out the large chamber 
ofjacobs Well and the high rift passages ol lower Poms Progress and the Spillway, and 
leaving Reprieve Alley dry. Possible the small rift passages in the Snow Pass^^ area 
were formed after the lowering of the water table but before the stream was completely 
captured by the new Poms Progress-Spillway drainage. 

Several small percolation -fed streams, some of which arc tributaries of the main stream 
and others which never meet the main stream, flow northeastwards across the cave. 
These streams tend to follow abandoned phrcatic passages, and some have cut their own 
rift into the floor of the tube giving the passage a keyhole cross-section (e.g., Hopeful 
Avens passage). Elsewhere other streams have beomie entrenched in grooves that are 
developed along fractures in the rock (e.g., the passage just beyond the Up and Overs, 
and the two streams flowing through The Mine). 

Short sections of Portalverst and the entrance series are characterised by rift passages. 
Hiese have probably been cut by small streams that have flowed a short distance along 

the main subhorizontal phreatic tubes before heading downward again towards the water 
table. At present there are several streatns flowing along short sections of Portalverst in 
this way. 

Percolation water 

Percolation water, and the calcite formation deposited fioin it, are present throughout 
the cave except for the active phreatic tubes. However, percolation is most significant in 
those parts of the cave which are relatively close to the surface (i.e., upper areas of the 
entrance series, eastern end of Portalverst, Oubliette and Meltdown passages, and Snow 
Passage). These areas are well decorated with speleotherm formation, inchiding crystal 
pools and massive flowstone. Pcrcolation-fed pools, typically dammed by flowstone, are a 
feature of Portalverst east of the Up and Overs (Fig. 13). For much of the year a 
percdation-fed pool accumulates in the small passage leading to Porridge creating a 
sun^) (A, Fig. 13), and in order to pass, the pool has to be drained by setting up an 
artificial syphon. In Porridge Passage itself dirt lines and crystal pool deposits also testify 
to much higher water leveb in the past (Fig. 14). The water level in some of these poob 
changes intermittently but not always as a simple response to rainfall. For instance, one 
pKX)l (B, Fig. 13) that remained over a metre deep throughout the summer expedition was 
completely drained by the following Easter, despite heavy rain in the intervening period. 
As if in response, the next pool into the cave (C, Fig. 13) was deeper by about half a 
metre. 

Another feature attributable to percolation water is the strange screechy sound of the 
Chinese Gongs. This is the result of water dripping intermittently into hxAa enxfed into 
the sandy floor at the bottom of the Volcano Tube. Each hole is lined with calcite, 
enhancing the eerie echo of the dripping water. 

CONCLUSIONS 

Nettlebed Cave is developed predominantly in massive marble, near the upward 
transition to a flaggy, less pure marble, within the Twins Member of Arthur Marble. TTie 
plane of transposed bedding, fractures in the marble (probably faults), and the successive 
lowering of the water table are the main controls of cave devetopment. Individual 
passives are usually developed along fractures, commonly along the intonection of the 
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fracture with the plane of bedding. In places a phreatic maze is preferentially developed 
parallel to iraiis[)osecl bedding, possibly along a bedding plane fracture. The successive 
lowering of the water table hsis led to at least four major levels within the cave, and the 
repeated imposition of a vadose drainage regime (mto an older system of abandcmed 
phreatic passages. 
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NOTE ADDED IN PRESS 

Since this paper was submitted for publication there has been further 
exploration of Nettlebed Cave. During the 1980-81 NZSS Nettlebed Expedition, 
a second entrance was discovered. It is in the stream bank on the true left of K\ It-s 
Creek, about 200 m downstream of the main entraiKe, and is joined to the Midas 
Chambers by a complex system of imermitlently active phreatic passages. This 
provides a possible route for the horizontal flow of flood waters at this level. 

More passages were also discovered above Oubliette, in an area named 
Birthday Series, and during the 1961-82 expedition a smoke connection was 
proved between these passages and the surfa< r 

Exploration beyond Sahmtion Hall has shown the existence of two massive 
rockrall chambers, linked by abandoned phreatic tubes which are now richly 

dc( orated with cave toral and other spcleothems. The chambers vary Up to 40m 
in width and are floored by boulder.s and screes sloping at 30-35°. 

The total length of surveyed passage now exceeds 16 km, and the deplh/hcight 
stands at 626 m, makitig this the deepest cave in the Southern Hemisphere, and 
the bn^t in New Zealand. Discussion of the geobgy and geomorphology of the 
areas discovered since the 1980/81 expedition must await a fiiture paper. 
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Magnetisation of some New Zealand igneous rocks 

T. M. Hunt* and E. G. C. Smith** 



Values are given for the magnetisation of thirteen groups of igneous rocks from 
New Zeataml: 2 rhyidites, 1 ignimbrite, 1 trachyte, 2 andesites, 6 baaaks and 1 

peridotite; and ranging in age from Permian-Jurassic to Quaternarv' 

Values of intensity of magnetisation (J), intensity of induced and remanent 
components of magnetisation (J|, J^), and of the Koenigsbergcr ratio (Q ) vary 
widely within each group; usually between two and four orders of magnitucfe The 
frequency distributions of these \ alueh arc skewed towards high values (|xjsitive 
skewuessi aiul fit a log-normal disiribution. In 73% of the specimens the remanent 
component of magnetisation is of greater intensit> than the induced component 
and hente cannot be ignored when determining the intensity and direction of 
magnetisation for interpreting magnetic anomalies. 

The beat esdmate ofj to use in interpreting magnetic anomalies over an igneous 
body in New Zealand is e'*'*'^*'*, where fi and tr are the mean and standard 

deviation of In J of specimens from the body. Basic igneous nx k Ixxiies are not 
necessarily more strongly magnetised than those of intermediate and acidic 
composhion: for Quaternary rocks from the Central Volcanic Region the best 
estimate of J for rhyolites is 2.67 A/m, for ignimbrites 2.36 A/m, for andesites 9.9 
Aim and for basalts 5.32 A/m. 

In some groups the directions of magnetisation of individual specimens are 
widely scattered, hut the vector sum directions of all except one group are close to 

the present field direction. 

INTRODUCTION 

Magnetisation is an imp>ortant physical prop)erty of roclcs. Observations of variations in 
intensity of the earth's magnetic held, together with laboratory measurements of intensity 
and direction of magnetisation in rock specimens, can be used to determine the sht^ie 

and distribution of rock bodies. In this paper we shall largely be concerned with results of 
such laboratory measurements and their application to the interpretation of these 
variations. 

For completeness we shall dehne the properties we are interested in; the notation and 
units used are given in App>endix 1. The magnetisation of a mineral is a vector whose 
magnitude is the intensity of magnetisation and whose direction is specified by declination, 
or azimuth from geographic north and ituliiuUion, or dip from the horizontal. All minerals, 
when brought into a magnetic field, acquire an j'nrfucfrf magnetisation which is lost when 
the\ are removed from the field. Some minerals possess in addition, a remanent 
magnetisation which is present even in the absence of an external field. We shall denote 
by J, and the induced and '-emanent magnetisations of the mineral, and the total 
magnetisation J is the vector sum of these: 

J=Jj + J, (1) 

Minerals differ in their capacity to acquire an induced magnetisation from the 
apf lication of an external magnetic field. This capacity is specified by the magnetic 
susceptibility ( X ); it is a dimensionless quantity and is defined as the ratio of intensity of 
induced magnetisation (J_) to intensity of applied field (H). The direction of the induced 
magnetisation is taken as that of the applieid field; hence, for a mineral situated in a kx:al 
field (H„): 
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Ji= X.H„ (2) 
and so: 

J=X.H„+X (3) 

Roc ks are aggregates of difTercnt minerals. The magnetisation of a rock is usually 
determined by the strongly magnetic (ferromagnetic) minerals in it and has the same 
magnetic properties as the constituent minerals. 

To determine the shape and distribution of a rock body the observed variations in 
magnetic field intensity are generally compared with those calculated for various 
theoretical bodies. However, to calculate the magnetic effects of a rock body at an 
external point, it is necessary to assume that the body is homogeneously magnetised and 
to adopt a representative value for J. This value for J is commonly obtained using 
laboratory measurements of X and fipom a set of specimens taken from the body and 
field measurements of H,. The question of how to obtain an appropriate representative 
value for J frcm. the measurements is not trivial, and we will consider this problem in 
detail. 



DATA USED 

The data used in this study were taken from the files of Geophysics Division, New 

Zealand Dept. of Scientific and Industrial Research (Whiteford and Lumb, 1975), which 
list the location, rock type, susceptibility, and intensity, decUnation and inclination 
remanent magnetisation fix* specimens of rocks collected from all parts of New Zealand. 
To simplify calculation of the induced components of magnetisation, it has been assumed 
that the earth's magnetic field has an intensity = 58 000 nT, declination D = 20" E, 
and inclination I = —67® (upwards) throughout New Zealand. At present (1980), the 
intensity of the regional field at the locations discussed in this paper varies between about 
55 000 and 61 000 nT, the declination between 18.5° and 23° E, and the inclination 
between —62.5° and —71°. The errors introduced by the approximation are about the 
same as those introduced by local variations in the field. 

The names used to describe the rocks are not the same as those that would be used by a 
petrologist. The name 'basalt' is used here for all fine- and medium-grained, mafk, 
igneous rocks and includes dolerites, basanites, mugearites, limburgites, and olivine- 
basalts; peridotite' includes pyroxeiutes, and partly serpentiniaed peridotites; trachyte' 
includes phonolites and kaiwekites. 



DISTRIBUTION OF MAGNETIC INTENSITY VALUES: 
SAMPLING THEORY 

Irving et aL (1966) showed that values of intensity of remanent and induced 
magnetisation for samples of Torridonian sandstones fix>m Great Britain have a k)g- 
normal distribution, and ("ox ( 197 !) demonstrated that this is also true for andesites and 
ignimbrites from the North Island of New Zealand. We later show that this is a general 
property of groups of New Zealand igneous rocks; that P " In J has a probability (tensity 
function given by 

f(r)'»(2ir<r2)-*'e-< -''>^* (4) 

where /x and a- are the mean value and standard deviation of In J. It is to be understood in 
taking the logarithm of J that J is measured in A/m. An example of the distribution is 
given in Figure 1 : Figure la shows a histogram of magnetic intensity values tc^ether with 
the best fitting curve f( F); Figure lb shows the correspondii^ histogram of k^ intensity. 
Specific details for each site will be given later together with an analysis of the difTerences 
between the sites. It sufBces for the moment to note that only one of thirteen samples had 
a distribution significantly different (at the 5% level) fitmi a lug-normal distributitMi. We 
sh.ill now consider the consequences for anomaly modellil^ of adopting a k^-notmal 
model for the distribution of iittensity values. 
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Assuming that the intensity of magnetisation (J ) has a log-normal distribution, we wish 
to determine the statistic which provides the *best* estimate (or J from measurements on a 
set of specimens (hereafter called a sample) from a rock body. This is a difficult problem; 
there may be a different solution for each body. Furthermore, it is necessary to assume 
that the sample fitirly represents the body. We can make progress in a general situation by 
adopting conventional criteria for deciding what are good and bad estimates of J. Two 
such criteria are: (1) the estimate should be unbiased, that is, the average of a large 
number of such estimates should be close to the aven^ value of J for each body; (2) the 
estimate should have as small a standard deviation as possible. 

A conventional method for determining a 'best' statistic or statistics from a set of 
observations with a known distribution is the method of maximum likelihood, which we 
will now apply to the distribution of magnetic intensities. 

If r * In J has a probability density functicm pven by Equatbn (4), then it foUows 
that the probability density fiinction fix* J is given by: 

f(J) = (27r a-- J-')-''' e-<'«J-''»"*'* (5) 

which is completely specified once /x and o* are known. If J and s arc the mean and 
standard deviation of J, then: 

J-C^^"' (6a) 

,»e''+*«"(c"- (6b) 
For a point sufficiently remote from a rock body to allow the assumption that the 
variation of distances of different parts of the body from the point can be ne^ected, f is 
the correct representative value for the intensity of magnetisation. We estimate J by 
forming the likelihood function 

XO*,<r)* n ftJ,) 
k=l 

= n(2ir <r 2 J2)-*. e-<'*-''Wa»' (7) 

(where 11 denotes product and {J,^ : k = 1,2, n) is the set of values of magnetisation of 
the sample) and by noting that this has a maximum when A = lnX(/£,o-) has a 
maximum, and that this occurs when Biildfi — 0 and d A/do* = 0. These equations give 

the folk>wing estimates for /i, and or : 

M « — 2 In J, (8a) 
n k=l 

In feet, we substitute: 

a= {J^(lnJ,-/i)»/(n-l)J*' (8c) 

because it is an unbiased estimate of the standard deviation. The effect of this change is 
Q^ligible for san^ies with n (number of specimens) greater than about 20. Estimates for 
J and s are obtamed by substituting into Equations (6) the values for ft and <r from 
Equations (8). 

We shall now briefly give scmie of the properties of this estimate of J and con^are it 
n . 
with 2 Ji/n, wlikh is always an unbiased estimate of J , whatever the distribution of J 
k=l 
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might be Further detaib are given in A{^ndix 2; some are given fay Aitchiion and 

Brown ( 1957). 

In fact, e'*^ ''-^ ' is a biased estimate. 
The average value of c'***«'* is given by: 



Ln-l-o-2 J 



(9) 



which convo^ges to e****"*" as n — * oo. 
The standard deviation of e'*'''V* is given by 



(10) 



n 

By way of comparison, the standard deviation of 1 Jk/n is given by 

k= 1 

(1/Vn) 8 = (l/Vn)e''+*'»' (e»' - l)*- (11) 
Both of these quantities converge to zero as n — 'oo but the former converges much more 

n 

rapidly. To show the properties of e*** ''»*^ ' as an estimate compared to X 

i= I Jj/n, values for 

n-1 



M^ch measures the bias, and the two standard deviations, are listed in Tabic 1 for values 
of /Li, or, and n for the groups considered in this paper. It can be seen that for samples 
containing at least 30 specimens the estimate e^^'^'"' is superior, but not overwhelmingly 
so. For Canterbury andcsites, and Chatham Islands (B) basaks, the e"'^^'*'' estimate is 
distinctly superior. Aitchison and Brown (1957) suggiest an alternative estimate: 

e** ^(0-2/2) 

where 



^(x).i + 1 inzli!^ x!_ (12) 

' k=i n''(n+l)(n+3)...(n+2k-3) k! 

This estimate has the advantage of being unbiased, but it is difficult to calculate, is 
insignilkantly dilferent from e ******* for values of n greater than about 20 and a less than 
1.5 (as is the case for the sanmles considered here), and no expression for the standard 
deviation can be determined for it. 



DISTRIBUTION OF MAGNETIC INTENSITY VALUES: 
DATA AND RESULTS 

Sampling 

The data from the files were sorted according to rock type, and where possible, were 
grouped according to location and age. 

The samples are generally nf>t as representative of the locations as we would like, but 
no additional data were added to the Hie data to improve the representation because a 
substantial programme of sampling wouM be required to achieve a worthwhile improve- 
ment. In some cases, most of the specimens are from a small number of localities: 19 of 
the 27 andesites from the Central Volcanic Region are from a small area near the 



Copyrighted material 



la) 



25 



w 20 
z 



o 

s; 15 

(A 



o 

m 
CD 

D 



10 



Hunt, Smith — Magnetisation of some New Zealand igneous rocks 

(b) 



25 



163 



X 



20 



15 



10 



6 - 



2 



3 



■"T — r- 
4 5 
J |A/m) 



10 



-2 



-1 



— r- 
0 



In J 



Fig. 1 — Histograms showing the frequency distribution of (a) intensity of magnetisation (J), and 
(b) In J, for basalt from Otago Peninsula. The broken line in (a) is the theoretical log-normal 
distribution and in (6) is the theoretical normal distribution, for a population with the same mean 
and standard deviation as the sample. A value for J of 1 1.9 A/m is not plotted. 



e 




Central Volcanic Region 
^ East Cape 



40°S 



Dun Mtn 
Blue Mtn 



.^Banks Peninsula 



Canterbury 



Chatham Islands 

/ 



\ 



Otago Peninsula 



Rg. 2 — Location of the groups of New Zealand igneous rocks studied. 



164 



Jmnal tf At tUf^ Society of Ntm Ztdmd 



I 

> 



• K BO il" « o — » »r-»f»«» 




«o r« tr r* ^ m a 9- 9 




K •• e^eeaeoo'^eeo 



vat 



'm ^ 
« • 

« c 

w 

e 

c «• e 

Zl 2 



1^ '- . 

^ * to 9 in ^ M ^ v^MfMiAin 

Kft o o o •-■ *-« o o o«-*^ooin 

- I > 

« «~ •> a> n m «B<eOtf>'«n| 

A • • • > • .««•■«■ 

• ,r« ^ Ft » « - <r '^•^mve 

. , 1 

^ «0 *ri ^ c» CD ^rti*^r»o 

•C*— CD r- CM loanokooioin 

mCc.< • • • • • • 

v."— ' r» ^ o e o o 0'40ee<-< 

1 



> 



-= : C 

V tr 
c c » 



IS «• g 

c c 

ft 



c 

« 

_ ft 
t m 

= ' o 



a — 

c C 



o 



C -3 > 



" c i 



<0 

o 



I 



< 



c 

i- 

St 



at 
r. 



I 



c 
•g 

u 

o 
> 



3 
0 
91 
O 
•3 
M 

s 

CI 



3 



C T C 

CI b o 



c 
a 
o 



13 C 

I- o 

52 



u 



z 
u 



u 



i I 



B 

•a 
o 



<3 C 

L. o 

W -I 

c n- 

e ci 



u 
o 



3 

2 
ij 

■3 



SI 

c 
e 
u 

5 



3 
CI 

c 



t« 



o — — 



O --l » 

•1 «< a> 



c 
u 



c c- 



3 
■ 

c 

CI 



c 



4 

c 



C 



■ 

c 



X < j: m 
(J — O — c 



ft 

u 
o 



3 
• 

C 
••4 

c 

2 

o 



9 



u 



• u 

C X 

a 
E O 

• 9 



c 

I* 

o 

C 3 
3 — 
O SB 



< 

u 



0. 



c 











B 






• O 






><u 




1 


nc 






«<r> 






3 




< 


o-- 












— u 




1 


e > — 




1 


\ — J 






< _ — 




1 








X o 




1 


C -U-i 






0 ■ ^ 




j 


^ tL 






^ U M 










1 


i ^ n 














n 


e 


•1 > 


CI 



g c o . ^ 



7=3 

t 



i i 5 « 

3 C 0 -I O 

C K O *• 

■ 114 



Copyrighted material 



Hunt, Smith — 



Magnetisation of some New Zealand igneous rocks 



165 



southern portal of the Rangifx) Headrace Tunnel; 22 of the 26 peridotites arc from Dun 
Mountain, near Nelson. As a minimum standard only samples with 10 or more specimens 
have been considered; this yields the 13 groups listed in Table 1. The locations of the 
groups are shown in Figure 2. 

Care must be taken when collecting specimens for the measurement of properties to 
use in inierpreting magnetic anomalies associated with a geological body. Firstly, the 
geological boundaries of the body may not coincide with the magnetic boundaries. One 
example of this is the Rotoroa Igneous Complex, where bands of strongly magnetic gab- 
bro occur within weakly magnetic mafic and intermediate intrusives (Wellman, 1973); 
another is at Glenorchy, where weakly magnetic chlorite subzone 3 schists, near scheelite 
lodes, have become strongly magnetised (Risk et aL, 1977). Secondly, parts of the body 
may have distinctly difTerent, but uniform, magnetisation. An example is the sequence of 
bva flows on Otago Peninsula; most of the flows are normally nii^;Tietised, but some are 
reversely magnetised (Coombs and Hatherton. 1959), so that the intensity of the vector 
sum of the whole sequence is less than that for each fk}w. Sampling to allow detailed in- 
terpretation of mi^netic anomalies over such a body can be complex and, in smne cases, 
impossible in practice. 

For the above reasons, the values of magnetisation given here should be treated with 
caution when interpreting magnetic anomalies; nevertheless, we believe that they give a 
reliable guide to the distrmution and magnitudes that will be fimnd by detailed sampling. 

Log-normal distribution 

A histogram (Fig. la) of the frequency distribution of intensity of magnetisation (J) for 
a group with a large number of specimens (82), the basalts from Otago Peninsula, is 
noticeably skewed towards high values of J i i r , positively skewed). However, the dis- 
tribution of In J (Fig. lb) approximates a normal distribution, suggesting that intensity of 
magnetisation in these rocks folbws a teg-normal distributimi. 

We do not have a sufiicient number of specimens in most other groups to establish, 

using histograms, that J always has a log-normal distribution. To test this premise the 
cumulative frequency functions of the logarithm of intensity of magnetisation for each 
group were plotted on normal probability paper, together with best fitting straight lines 
(Figs. 3 and 4). The maximum (le[)arture, in frequency, of the cumulative frequency 
function from the best fitting straight line, is the Kolmogprov-Smirnov statistic (K), 
which is good measure of departure from normality of each set of log-intensities. Max- 
imum dcfMrtures (K), together with appropriate 5% confidence level values (Kj), are 
given for each group in Table 1. For all except one group (Pliocene basalts, Chatham Is- 
lands), K is less than K^, indicating that a log-normal distribution is an excellent model 
fiMT the distribution of mj^[netic intensity values. 

Examination of the values of J for the group whit h appears not to have a log-normal 
distribution shows that the line of best fit is greatly affected by two specimens with very 
km values of intensity of magnetisation (Fig. 4); the values are nearly two orders of mag- 
nitude less than that for others in the group. It is possible that these two specimens are 
anomalous; the specimens may have been altered during or after being rollected. or they 
may have been wrongly assigned to the group. If these specimens are exc luded from the 
group and a line best fit drawn through the values for the remaining 2 1 specimens in the 
above manner, the value of K is 17% and that of is 28.7% indicating a good fit to a log- 
normal distribution. 

Neglecting the two possibly anomalous specimens, the data indicate that in all groups 
the magnetic intensity values have a log-normal distribution. The mean and standard 
deviation of the logarithms of the intensities (fi and O" respectively) are therefore the ap- 
propriate statistics to consider wiien determining if there is a difference between two 
samples, and e"^'''*'' is the best representative value of J to use when cakulating the mag- 
netic effect of rock bodies. 

Variatioa of inteniUy 
The histograms (Bg. 1) and frequency pkits (Figs. 3 and 4) also show that, for most 
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Fig. 3 — Plocsof cumulative relative frequency against intensity of magnetisation (J) for rhyolites, 
andesites, trachytes, ignimbrites and peridotites. The broken lines represent plots of the theoretical 
logHwnml distribuiioas for populations nvtth tbe uune meant and itandard deviatiam. 
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INTENSITY OF MAGNETISATION (A/m) 

Fig. 4 — Plots of cumulative relative frequency against intensity of magnetisation (J) for basalts. 
The broken lines represent plots of the thc<iretit ai log-normal distributions for fK)pulations with 
the same means and st.mdard rieviations. Note the close tit between the plots and the theoretical 
log-normal distributions for basalts from the Central Volcanic Region and from Otago Peninsula. 
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Fig 5 — Histograms showing the frcqiienrv distribution for intensity of remanent (J^) and 
induced magneiisaiion (J^; of specimens of basalt from Otago Peninsula. A value ofj^ "11.5 A/m 
is not pkitt^. 

groups, the intensity of magnetisation varies over two or more orders of magnitude. In ^is 
respect magm^isation is like some other physical rock properties such as electrical 
resistivity and permeability, but unlike density, thermal conductivity and seismic velocity 
which vary over one order of magnitude. 

The data given in Table 1 show that basic igneous rocks are not necessarily more 
strongly magnetised than rocks of acidic or intermediate composition; for Quarternary ig- 
neous rocks fixjm the Central Volcanic Region, the value of e**^ is 2.67 (±0.80) tor 
rhyolites, 2.36 (±0.55) for ignimbrites, 5.32 (±0.43) for basalts, and 9.90 (±1.67) fiwan- 
desites. The value for andesites, rocks of intermediate composition, is clearly greater than 
that for basic nx ks < basalts) The data also show that young rocks are not necessarily 
more strongly niagiictiscd than old ones; the value of e''*'-^' for Exx;ene basalts 
(35 - 53 m.y.' old) from the Chatham Islands is 1 1.0 (±1.37) but for Miocene basalts 
(10 - 12 m.y. old) from Banks Peninsula it is 1.88 (±0.45). 

The data confirm that the age and type of a rock are not important factors in determin- 
ing its intensity of magnetisation; the important factors are the composition of the mag- 
netic minerals, their distribution in the rock, how they were magnetised, and the 
metamorphic history of the rock (Nagata, 1961). 

Induced and remanent nu^^netisBtMm 

Values of J, and vary over at least two orders of magnitude in all groups. Histograms 
of intensity values of induced (J^) and of remanent (J^) magnetisation of basalts from 
Otago Peninsula (Fig. 5) are (X>sitively skewed suggesting that these comf>onents also 
have log-normal distributions. Cumulative frequency plots (Fig. 6) for the natural 
logarithm of induced and remanent intensities for three other groups all fit the log-normal 
distribution model very well, and we postulate that this distribution describes the dis- 
tribution of these components for all groups. Statistics for the distribution of J. and J, for 
each group are given in Table 2. 



Origin of the log-nonnal 

Hie above data show that the bg-normal distribution hokls for a wide range of igneous 
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INTENSITY OF MAGNETISATION (A/m) 

Fig. 6 — Plots of cumulative relative frequency against intensity of remanent (J^), and of induced 

magnetisation ( J ). for prnups 1. 3 and 5 (Tabic 3). The brokrn lines represent plots for the 
theoretical log-nuriiial distributions for populations with the same means and standard deviations. 
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INTENSITY OF INDUCED MAGNETISATION J, <A/m) 

Fig. 7 — Pl(Ks of intensity of rctii.uunt niat^iiclis.itlon (J^) against intfiisiiy of induced 
magnetisation (J.) for four of the groups studied. Values for each specitnen are plotted as solid 
dots, p is the correlation coeflkient for In and In J,. The broken lines repment lines of equal 
Koenifiberger ratio (Q,). Note the wide scatter of the dots. 

rock types and for rocks ranging in age from Permian-Jurassic to Quaternary; it also holds 
for both the induced and remanent conipoiients i f in.ii^nciis.ition This suggests that the 
distribution is likely to be related to a basic property ot the rocks and is unlikely to be 
greatly Riodified by differences in the compositim of the rocks, by their airiisequent his- 
tory, or by variatioiu in the earth's magnetic field during or subsequent to their nirmation. 

According to Stott {in Stacey, 1963: 94) the volumes of magnetic grains in igneous 
rocks commonly have a k)g-normal distribution, and McElhinny (1973) shows that for 
magnetite grains of up to 20 X 10~' m diameter, with pseudo-single magnetic domains, 
the intensity of thermal remanent magnetisation is inversely proportional to grain 
diameter. This suggests that grain size may be the dominant factor causing the log-nor- 
mal distribution of J, J. and J,. 

Aitchtson and Brown ( 1957) make a few comments about the genesis of the k)g-normal 

distribution in general; they consider that it arises from the mtxlification of a uniform dis- 
tribution by a large number of random factors. Thus, when the logarithm of the variable 
is taken, the transformed variable is the sum of a large ntnnber of random effects, and 
such sums tend to have a normal distribution. 
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The origin of the distribution, as it occurs in rock magnetism, is unknown and war- 
rants fuither investigation; however, thu is beyond the scope of this paper and the com- 
petence of the writers. 

Koenigsbei^er ratio 

The Koenigsberger ratio (Q„), defined to be J^/Jj, is an often-quoted, but sekiom-used 
parameter determined in rock magnetisation studies. 

Of the 404 spec iiiu'iis in this study, 295 (73%) have ^ 1; and ofthe 75 specimens 
with J ^ 10 A/ m, none had < i. Hence, remanent magnetisation is a very important 
compcment of magnetisation and cannot be ignored when determinit^ the magnetisation 
of a rock for use m interpn^ng magnetic anomalies. 

Since In — In f - In J , Q will have a loEf-nnrmal distribution ifj^ -^rid J have lo^- 
normal distributions, with the mean value of In equal to the difference in means of 
In and In J . The mean and standard deviation ofttie logarithms of Q„ are therefare the 
appropriate statistics to consider when dctcrniining if there is a difierent e between the 
Koenigsberger ratios of two or more groups, and e*'*^ '''" ' is the best representative value of 
Q^. These statistics, for each group, are given in Tabk 2. 

If (7^ is the standard deviation o(ln Q^, and and a. are the standard deviations of 
In and In J,, then o*^ is given by 

or 2 - o- ' + o- - - 2o- cr p 

where p is the correlation coefficient for In J, and In J^. If the standard deviations have 
been cakulated using n — 1 , rather than n, in the division ofthe sum of squares (to make 
the estimates unbiased), then p should be calculated by 

Values of the correlation coefficient (p ) for each group, are given in Table 2; the 
values are generally positive, a few being close to unity, but there is a %vide variation 

sliowine; tliat there is no ( onsistent relation between andj^. Plots ofj and J . an example 
of which is given in Figure 7, show that the variation of values is caused by variation 
of both components. 

Variation of with age 

According to Nagata ( 1 96 1 ), values of decrease as the ages of rocks increase due to 
a decrease in intensity of remanent magnetisation resulting from relaxation eflfects. 

The data from Table 2 show that for some rocks (andesites, rhyoUtes, and some 

basalts) this af^pears to be true, but the standard deviations of InQ^ (O"; Table 2) arc 
such that the diilerences in with age are not significant. 

as an indicator of palaeomagnetic stability 

Stacey and Banerjee (1974) state that for rocks with thermorcmanent magnetisation, 
values of Q,^ greater than 0.5 indicate that the remanent magnetisation resides mainly in 

pseudo-single domains of hit^h coercivity, and the rfx ks have high paleomagnetic 
stability. The values of e*** ''"' (for Koenigsberger ratio) exceed 0.5 lor all but wie group 
(trachytes) sampled here (Table 2), so most of the rocks shouM be suitabte for 
[),i!nenmnenrtic investigations; detail< (l studies of the .mdesites and rhvolites from 
Cantcrbuiy (Oliver el oL, 1979) and ofthe basalts from Banks Peninsula (Evans, 1970), 
and from the Chatham Islands (Grindley etoL, 1 977 ) have conjfimied this. However, dabs 
given by Hunt (1974 ) and Hunt and Mumme (1977) show that many peridi)tites from 
Dun Mountain with values greater than 0.5 are not palaeomagnetically stable. While 
this test of stability may be true for rocks with thermorcmanent magnetisation, this is not 
necessarily true for rocks with chemical remanent magnetisation, such as peridotites. 
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BASALTS 



CHATHAM ISLANDS CHATHAM ISLANDS 

Pliooera „ Eocene » 




BANKS PENINSULA OTAGO PENINSULA 

N N 




Fig. 8— Ste r eograms showing directions of magnetisation in fiaur groups of basalt. An upper 

hemisphere projection is used. Solid dots indicate an upward (normal) direction of magnetisation; 
open dots indicate a downward (reverse) direction. 



DIRECTION OF MAGNETISATION 

Since values of for most groups of New Zealand rocks studied here are greater than 
I, it cannot be assumed a priori that the direction of magnetisation in these rocks ts close to 
that of the earth's present magnetic field. The directions of magnetisation of specimens in 
some groups are w idely scattered (Figs. 8 and 9). For interpreting magnetic anomalies, it 
is the direction of the vector sum of the magnetisation that is important; vector sums for 
the groups of New Zealand rocks are given in Table 3 (Vector 1 ). Despite the wide 
scatter in directions of magnetisation in some groups, the direction of the vector sum for 
each group, with the exception of that for rhyolites from the Central Volcanic Region 
(Group 1) is within 20" of the direction of the present field (Fig. 10). 

In most palaemnagnetic studies a mean value for directions of magnetisation is 
calculated assuming a unit vector (i.e. J = 1 ) ft)r each specimen. Mean values for each 
group calculated this way are given in Table 3 (Vector 2) and Figure 10. The angular 
diCRerences between thb direction, the direction of the vector sun«, and the present field 
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CENTRAL VOLCANIC REGION CANTERBURY 
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RHYOLITES 



CENTRAL VOLCANIC REGION CANTERBURY 
N N 




Fig. 9 — Stereograms showing directions of magnetisation in two groups of andesites and t«vo 

i^roups of rhyolitcs. An upficr hcniisphrrc projci tioii is used. SoVid clots iiKliratr an upward 
^ normal) direction ol magnclisalioii, open dots nidicate a downward (reverse) diretlion. 

were calculated usintj a WulfT sterroL^aphic net and art- given in Tabic 3 (0, X, to ). For 
most groups the direction asisuinine unit vectors is similar to the direction of the vector 
sum, and similar to the present field. 

It should be noted, however, that while the difference between the direction of the 
present field and that of the vec tor sum of unit vectors ((d : Table 3) for most groups is 
small (generally < 20° ), and tan be neglected when mtcrpreting magnetic anomalies, 
the difference may be significant when considering palaeomagnetic pole positions. 

CONCLUSIONS 

Measurements of the n^gnetisation in specimens taken from 13 groups of ignecnis 
rocks in New Zealand show that: 

(1) Values of intensity of magnetisation (J), intensity of influced ( f ) and remanent 
magnetisation (J^), and Koenigsberger ratio (Q* ) vary between two and four 
orders of magnitude, and have a k>g-nonnal distnbutitm. 

( 2 ) Directions of magnetisation may vary widely, but the vector sum direction, and the 
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Rg. 10 — Stereograms showing the directions of magnetisation of the vector sums (Vector 1, 
Table 3). and of the vector sums of unit vectors (Vector 2, Table 3), for groups of New Zealand 
igneous roclcs. The numbers indicate the group (see Table 3). An upper hemi^herc projection is 
used. All directions are upward (narmal). Note the directions are generally close to that of the 
Eaith's present magnetic field, which is marked by a cross. 
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TABL£ 3: Directions of magnetisation in iqncous rocks from Sew Zealand. Note that the angular differences 
between the dinction of the preamt field and that of vector Sw (1), and Vector Sum of Uiit Vectors (2), 
naaely >* end A , ere less than 20^ for Meet groui^s. 



Vector SoA (1) Vector sua of unit veetore (2) 



n 


Jn 




I 


Rn 


D 


I 


—V 


1 


0) 


1 


RHYOLXTE 


Central Volcanic Region 


29 


1.27 


295 


-44 


0.71 


328 


-68 


29 


48 


19 


2 




canterbury 


22 


1.04 


28 


-73 


0.97 


9 


-74 


6 


7 


9 


3 


IGNIMBRIIE 


Central Volcanic Region 


21 


2.06 


3S2 


-70 


0.98 


3S» 


-69 


1 


10 


11 


4 


MBESm 


central Volcanic Raglon 


27 


9.06 


28 


-68 


0.93 


22 


-66 


4 


3 


1 


S 




Cantextoury 


36 


3.29 


19 


-84 


0.95 


33 


-83 


3 


17 




6 


TMcmmt 


Otaigo Veninsula 


13 


1.20 


348 


-64 


0.94 


9 


-69 


9 


U 




7 


BASALT 


Central volcanic Ragton 


13 


S.Ol 


11 


-58 


0.95 


12 


-58 


1 


10 




8 




Batike Peninaula 


10 


1.18 


« 


-66 


0.69 


354 


-74 


10 


7 




9 




Chathaa Islands (A> 


23 


7.U 


31 


-71 


0.77 


23 


-69 


4 


6 




0 




(B) 


84 


8.44 


13 


-77 


0.90 


19 


-77 


2 


10 




1 




Otago Mntnaula 


S2 


1.43 


28 


-74 


0.52 


44 


-66 


10 


7 




2 




Beat cape 


18 


3.74 


8 


-73 


0.96 


8 


-72 


1 


8 




3 


PEPlnnTTTE 


Dun Mtn, Blue Htn 


26 


2.02 


S3 


-68 


0.48 


302 


-73 


30 


13 


25 



n = ni^nbcr of spcciner.s 

Vector (1) : Jn = (Intensity of the Vector Sum Intensity Of n VeCtOTeJ/n 

Vector (2): Bn - (Vector sun of n unit vectors)/n 

D - Oecliaation (deg.)! I - inclinetioit <deg.. ne^hUve iv«aB8s) 

9 •• Angle tdeg.) between Vectors 1 and 2. in the plane through the vec to rs 

> • A.-igle Cdeg.) between Vector 1 and the present field direction (0 - 30^, I ■ -67°) 

td • Angle (deg.) between Vector 2 and the present field direction 

direction of the. vector sum assuming J » 1, are generally close to the direction of 

the earth's present magnetic field. 

The cause of the log-nonnal distribution is not certain but may be related to the 
distributicm of grain size. 

The best estimate of J, to use in interpreting magnetic anomalies over an igneous body 

in New Zealand is ' where jx and cr are the mean and standard deviation of In J of 
specimens from the body. For most of the bodies studied, the direction of magnetisation 
can be taken as that of the present field (approx. D = 20** E, I a: -67" ). 
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APPENDIX 1: NOTATION AND UNITS 

No standard notation has been adopted in magnetic studies; in this paper the notation 
used by Irving (1964) is generally used. Vectors are indicated by bold tacc type; scalar 
quantities are indicated by atandbrd foce (roman) type. 

J — intensity of magnetisation (A/m) 

U = declination (deg.. East of geographic north) 

I = inclination (deg., -ve upwards) 

H = magnetic fiekl strength (A/m) 

Components of magnetisation are indicated by subscripts: i for induced and r for 

remanent magnetisation. S.I. units are used; conversion factors between S.I. and c.g.s. 
units are given by Reilly (1972). The abbreviation In is used for logaritlims to the base e 

APPENDIX 2: SAMPLING STATISTICS FOR A LOG-NORMAL 

DISTRIBUTION 

Definition 

X has a k>g-normal distributkxi if Y InX has the probability density fimction 
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where fi and a are the mean and standard devuttion of Y. 
Thus the prat>ability that Y < is given by 

P»ob(Y ^ yo) = / — e-^^f'^^'dy 

The probability density function fcx X is given by 

L(x) » 4- Prob(X ^ X), X > 0 

dx 

= 3- Prob(Ih X ^ In x) 
dx 

- ^ Prob(Y ^ In x) 
dx 

^ d_ J. In. 1_ ^-(j-^fttT* ^ 

dx rr — 



i.e. 



fx(x)= e-i*"*-")''*", where X > 0 (Al) 

Mean and standard deviation of X (Throughout the following, a bar over a quantity 
denotes mean vahie.) 

The mean value of X, X, is by definition 

/^x fjj(x) dx 

. JJ* L_ c-e^-^W^-'dx 

Substituting x'tf*, 
i.e. 

X«e'^+»« (A2) 
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The variance of X (the square of the standard deviation, S, of X), var(X) is by definition 
j-x»^(x)dx-X» 

making the same substitution, x * e*: 

var(X)- r ^ c-«»-'"^**e»dtf - 3& 

* e^"*" |e" - 1) 

so that 

S =» y/yv(K) - e''+'« {e»* - 1}*' (A3) 

From a sampk ot values trf* X, %ve estimate fi, and d-, denoted fi <r, by the 
maximum likekhood estimates 

A - (. X In X, yn 
n 



{.X^ (lnX,)»-nA' )/(n-l) 



and - are unbiased fstimatrs ftf and rr . hv ihr Ciaii<;s -Markov theorem 
(n — 1 )d" ^la is a X random variable with n - 1 degrees of treedom and is statistically 
independent of fi. 

ComfMrison of e*^^"' and SX/n 

To compare these two estimates of the mean of X we need to calculate the mean and 
Standard deviittion of each statistic. 

Since e***"** = e'e*^' and A. and d-^ are independent, the mean of e***"" is the 
product of the means of e* and e^*''. 

Mean of e** 



e*= ^ 11^ X.,y (11 denotes product) 

Substituting 9 = yields the result: 
which converges to e** as n — • oo . 
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Since (n— lyvVir* is a X' random variable with n — 1 d^rees of ficedom, we can 
write 

n-l 

when Z. are indeptendent normal random variables with zero mean and unit standard 
deviadon. 

Then"?^- r r c-"^("-' ' Z ^ "n '—Li c'^'^,. . .dZ. , 



which converges to e^''' as n eo. 
Combining (A5) and (A6) yields 



n-l 

n— ! \ 2 



(A7) 



which converges to e'*-*-'^' as n — » eo. However, for finite samples, e^^''^ ivill be a biased 
estimate. 

Varianeeof e'^'» 



var(e***''2) i, _ ^c^*i•l2y^ 
by similar calculations to those which yielded (A5) and (A6) 

n-l \ B-i 



^ ^ \ n-l-2<r» ; » 
Sovar(eA**^')-e»'.-^. (e^^- (^^rp^. ) " (^T^^)" '} 



Mem and variance of SX/n 

n _ 

2 Xin is an unbiased estimate of X. We need only calculate 

j- „ 
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- L" • • . /r + 2 Sv X. .«/n».n -— 1 dX, . . . dX - X2 

• • i ' ^ ^ J V2ir<rXj ' 



n n 



I.e. 

n 

var;' 



- S»/n (A9) 
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Anuropus novaezealandiae, a new species of Anuropodidae 
(Isopocb: Flabellifera) finom New Zealand 

K. P. Jansen* 



AnuT^ms m uooa e alandiae n.sp. is described from a single specimen from the 
regurgitation erf' a grey-faced petrel {Pten dm m tmcroptera gouldi) on Whale bland. 
New Zealand. SpcciBc variation and diltributkm iaAmmpui are difcuned, and a 
key to the species is given. 

INTRODUCTION 

The genus Anuropus was established by Beddard (1886a) for an isopod finom the 

western Pacific 'Among the deep sea sf>ecies the most remarkable and interesting . . . 
described below under the name of Anuropus brnnchxntus . He considered the genus to 
belong to the flabcllifcran family Cymothoidae (i8B6a, 1886b), but Stebbing (1893) 
made it the type of a new family Anuropidae, and Hansen (1903) agreed. Anuropus 
branchiatus is still represented by the single specimen taken from 1070 fm (1958 m) off 
New Guinea during the voyage of HMS Challenger. It was the only known representative 
of the genus until Hale (1952) described Anuropus antarcticus '. . . taken in the Pack Ice 
from the stomach of a Snow Petrel . . .'. This, like A. branchiatus, was based on a single 
specimen, which was however 'not in good condition'. From 1951 to 1954, five specimens 
of a further species, Anuropus hathypelagieut, were talcen by the Scripps Institution of 
Oceanography in depths from the surface to 1600 fm (2928 m) in the eastern Pacific 
(Menzies and Etow, 1958). Anuropus pacificus was described by Lincoln and Jones (1973) 
fitMn three specimens found in the regurgitation of the Waved Albatross, DiomtUa 
irrorata, from Hood Island, Galapagos. Schultz (1977) described another species, 
Anuropus australis, taken in 'Antarctic waters from about 20** to 140** W . . . between 851 
and 2502 m at Irast 210 m above the bottom.* fVom the stomach of an albatross, Dionudea 
chlororkynchos, breeding on Nightingale Island in the Tristan da Cunha Archipelago, a 
somewhat damaged specimen was named Anuropus aeronautus by Sivertsen and Hohhuis 
(1980). More recently, in a study of the food of grey-foced petrels (Pterodroma macroptera 
gouidi) on Whale Island, New Zealand, Imber (1973) recovered a variety of crustaceans 
from regurgitations, of which one rlamai^ed isopod was identified as Anuropus. Although it 
differs considerably from Anuropus branchiatus and A. bathypelagicus, it resembles the 
renuuning species but is separated by detaib the head, omal plates and pleon and is 
here described as a new qpecies, Ammpns tmaeuaiottdiae. 

Family Ammpodkbe Stdbbn^ 

Anuropidae, Stebbing, 1893:345; Menzies and Dow, 1958: 2; Gordon, 1958: 12; 
Schultz, 1%9: 137; Schultz, 1977: 79; Kussakin, 1979: 220. 

Anuropinae, Hansen, 1903: 19; Nierstrasz, 1931: 162; Hale, 1952: 29; Gordon, 
1958: 12. 

Anuropodidae, Sweitsen and Hdthuis, 1980: 28. 
Type genus: Ammpms Beddard. 

The name of the genus given by Beddard is unfortunate since it implies the absence of 
urnpods which are in £act present but concealed in dorsal view by the pleotelson. 
Almoi^ the uropodal rami are, Hke the pleqxxls, unsclerotised, the peduncles, which 
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Fig. I — AnuTopus novaezealandiae n.sp., holotypc male, (above) Anterior view of ccphalon and 
perconite 1. (below) a, transverse groove, extension from cephalon on to pereonite 1; b. position of 
insertion of left antenna 1; c, right antenna 1; d, remnant of left antenna 2; e, left transverse wall; f, 
cl>peus; g, labrum; h, mandibular palp; j, mandible; I, frontal plate (apex damaged); m, medial 
concavity; r, r, anterior and dorsal views of rostrum. 

are small, do not difier from the typical flabelliferan form and can be moved laterally to 
form the caudal fan proper to flabelliferans. 

The compKjund name Anuropus refers to the apparent lack of urofKxis, or urofxxla, and 
therefore, in correspondence with Dr L. B. Holthuis and Mr R. V. Melville of the 
International Commission for Zcwlogical Nomenclature, it was decided that the proper 
fornt of the family name is Anuropodidae as introduced by Sivertsen and Holthuis 
(1980). 

Genus Anuropus Beddard 

Anuropus, Beddard, 1886a: 152-154; Beddard, 1886b: 112-114; Stebbing, 1893: 345; 
Hansen. 1903: 19; Nierstrasz, 1931: 162; Hale, 1952: 29; Menzies and Dow, 1958: 1-2; 
Gordon, 1958: 7-13; Schultz, 1969: 138; Lincoln and Jones, 1973: 79; Schultz, 1977: 80; 
Kussakin, 1979: 220. 

Type sp>ecies: Anuropus branchiatus Beddard, by monotypy. 
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KEY TO THE SPECIES OF Anumfms 

1 . Pleon width increasing from pleonite 1 to rounded flattened pleotelson . . . , 2 

Pleon sides nearly parallel, pleotelson tongue-shaped 3 

2. Coxal plates rounded A. iraiidUatef 

Coxal plates pointed A. kathjpdagieus 

3. Head anterior margin nearly straight, centre slightly cxHicave 4 

Head anterior margin centre deeply COncave 5 

4. Pleotelson wider ihan long A. australis 

Pleotelson longer than wide A. antarcticus 

5. FhMital plate base wider than centre part of transverse wall A. »«oaeztaUmduu 

Frontal plate nowhere wider than centre part of transverse wall 6 

6. Pereonite 1 antero- and postero-Iateral an^es produced A. aeronautus 

Pereonite 1 angles not produced A. pacifiau 



Anuropus nooaataltmdias n^p. (Figs. 1-11) 

Diagnosis: Anuropus with anterior margin of head deeply excavated; frontal plate 
triangular, base wider than outer sides of anterior part of transverse wall; pereonite 1 
outer margin slightly concave, without processes; pleon, first five segments of equal width, 
pieoteboD with sides folded down and concave, lateral margins curving smoothly to apex. 

Note: In thu paper I follow Hansen's (1903) and Gordon's (1958) naming of head and 
mouth parts. Neither Mcnzies and Dow (1958) nor Sivertsen and Holthuis (1980) 
mention the frontal plate, but both refer to the rostrum not meeting the clypeus, neither of 
which is labelled in the figures of either paper. Hansen does not mention the rostrum in 
the text but describes the frontal plate, the 'upper part' of which is constituted by the 
upturn of the middle of the transverse wall. Both rostrum and fh>ntal plate are shown but 
not labelled in his Figure 1. He then refers to both clypeus, labrum *(g in PL 4 

figs. 1 & 2)'. Hale (1952) refers to the rostrum (figured, unlabelled) as a 'median 
subtriansular process'; he continues 'the V-shaped transverse wall (damaged at anterior 
end) is deep and narrow* Mrithout referring to the fixmtal plate, and then mentions the 
clypeus and labrum as separate parts. Lincoln and Jones (1973) refer specifically only to 

. . a small vertical triangular 'rostrum' . . .', shown but not labelled in Figure 2(b). 

Material examined: Holotype male, New Zealand Oceanographic Institute number 
H354. 

Description: Dimensions are approximate as the spec imen was in several pieces when 
first examined; length about 40 mm. width at pereonite 3 about 10 mm. 

Head: width two and one half times length, one half width of pereonite I. Eyeless. 
Dorsal surfece sUghtty oxivex. Anterior nnargin with deep medial excavation. Lateral 

margins convex. Rostrum, broad based triangle with longitudinal media! groove, rounded 
apex curved toward but not meeting frontal plate. Frontal plate (apex damaged) 
triangular, base wider than medial part of transverse wall. Transverse wall deep, narrow, 
lateral parts forming very obtuse angle. Clypeus wider than long, laterally convex, 
medially concave. Labrum narrower than clypeus, wider than long, flat, lateral margins 
convex, posterior margin ctxicave medially. 

Antenna I: two articles; article 1 cup-shaped, open ventrally; article 2, flattened 
setiferous base curving pcisteriorly around head, triangular ridges rising toward and 
meeting in high peak at antero-lateral angle. 

Antenna 2: remnants only. 

Mandible: palp of three articles; incisor process strongly sclerotised with medial 
concavity and small posterior tooth; tnolar process curved truncate triangle, medial 
margin with spines, based joined by suture to body of mandible; spine row (Gordon, 
1958), or lacinia mobilis (Hansen, 1903), multiple rows of spines, contiguous to base of 
molar prcK css. Maxilla 1: exopodite with 10 strong spines, five large and five small; 
endopodite with five long setiferous processes. Maxilla 2: distal article (3) with 1 1 mostly 
non-setiferous spines around apex, article 2 with kbe bearing nine mostly setiferous 
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Figs. l-^—Ammpm nmrntuaiandiae n^sp., bolotype male 2, dorsal view of cq>haion. 3, 3a, vottral 
and donal views of mandible. 4, maxilla 1. 5, maxilla 2. 86, 6a, ventral and dorsal views of 
maxilliped, widi enlargement of seta on article 2. 



spines. Maxilliped: basal article twice as wide as long, article 2 about as wide as long, bi- 
aiticulate setiferous spine at antero-medial angle; palp entire, large, about one and one 
third times length of article 2, inner margin sU^tly, outer margin deeply convex, both 
with well separated sing^ setae, apex rounded with a cluster of five setae. 

Pereon (damaged, pereonites separated): pereonites 1 -7 of about equal length; pereonite 
1 lateral angles rounded, without processes, margins slightly concave. Ckixal plates 2-6 
progressively larger posteriorly, 7 about equal in size to 2; 2 and 3 irregularly rhombcudal, 
4, 5 and 6 irregularly ovate, 7 oval. 

Pereopod I: chelate, stout, slender dactylus of same length as propodus; propodus 
expanded, outer margin convex, inner margin nearly straight, grooved, sparsely setiferous 
and ^inose. Pereopods 2-7 inom^kte, more slender and kmger than 1. 
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Figs. 7-11 — A nuropus novaeeeahmdiee n.sp., holotype male. 7 , 7a, ventral and dorsal views of distal 
articles of jjercopod 1. 8, left lateral margin of pereonite I, coxal plates 2-7. 9. later.il view of 
pleonites 1-5. 10, remnant of pleopod 2 with male appendix, enlargements of coupling hooks. 1 1, 
1 la-b, dorsal, posterior and left lateral views of pleotelson. 1 Ic, ventral view of pleotelson with 
right uropod in situ (left uropod damaged). 



Pleon: five pleonites and pleotelson. Pleonites of equal width, narrower than pereonite 
7, laterally curved posteriorly. Pleotelson sides folded down abruptly and concave, 
forming ridges, posterior margin fiat and rounded (apex damaged, obscuring presence or 

absence of apical point); dorsal surface anterior raised, posterior tlejiressed with obscure 
medial longitudinal groove, slightly wider posteriorly and with sides slightly curved. 

Pleopods: 1 missing, 2-5 damaged; 2-4, peduncles with 10 spinose and setiferous 1 - and 
2-articulate coupling hooks; 2, baaal remnant of male appendix stout, cross section 

triangular, tapering distally. 

Uropcds: peduncle inserted ventro-laterally, snnall, inner process short, movable 
latmuty; rami nearly reaching end of pleotelson, outer slightly wider and shorter Uian 
inner, both approximately oblong-ovate. 
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Diatiibiition and vuiadon in qwdet lAAnuropus 

As indicated in the key the species of Anuropus are divided into two groups by the fisrtn 
of the plcon, which either increases in width posteriorly or has roughly parallel sides. In 
the first group, A. branchiatus and A. bathypelagicus, all specimens were immature or female 
and shared a different character widi A. australis which, alone in the second group, is 
represented by immature or female specimens. The outline of the distal article of antenna 
1 in these species is smooth and curved, contrasting markedly with the strongly 
sculptured form of the article in A. pacificus, A. aeronautus and A. nooaezealandiae, known 
only from male specimens (antenna 1 was missing from the male specimen of A. 
antarcticus). Thus although the differences among the latter three or four species are 
unlikely to arise from growth or sexual differentiation, it is possible that A. australis may 
be the female of one or the othor. On gec^^raphical grounds, A. aeronautus or A. antarcticus 
seem the most likely candidates. 

Each species is represented by one or a few specimens taken from distinct water 
masses or from birds presumably feeding in distinct water masses: A. branchiatus from 
2*33' S in the western Pacific near New Guinea andi4. balhypelagicusfram 30* to 4 1° N 

in the northeastern Pacific; A. antarcticus from a snow petrel {Pagodoma nivea) at 66*23' S, 
73° 16' E in antarctic water south of the Indian Ocean, A. pacificus from a breeding 
Waved Albatross ( Diomedea trronifti) on Hood Island in the Galapagos in the eastern 
Pacific; A. australis from antarctic waters south of the Atlantic and Pacific at about 61° S 
from 20° to 140° W, A. aeronautus from a breeding albatross {Diomedea chlororhynchos) in 
the southern Atlantic and A. nooaezealandiae fn )ni a bireding or fledgling grey-faced petrel 
{Pterodroma macroptera gouldi) on Whale Island, New Zealand, in the southern Pacific. 

Anuropus branchiatus was dredged in 1070 fm (1958 m); A. bathypelagicus were taken by 
'net hauls at midwater depths', the 'depth sampled (fm.)' was given in three cases as 500 
(914 m), 1170 (2i40m) and 1600 (2926 m), and in two as 0-680 (1244 m) and 0-660 
(1207 m); A. australis were collected in a mid-water trawl 'between 851 and 2502 m at 
least 210 m above the bottom.' All specimens of the other four species were taken from 
the guts of sea birds feeding at or near the surface. 

Imber (1973) wrote: 'Since its [Pterodroma macroptera gouldi] normal feeding and 
breeding range lies in the belt of sub-tropical seas, its south-eastward feeding boundarv- is 
probably the sub-tropical convergence lying at about 42° S . . .', and further 'Ail the 
evidence indicates that Pterodroma detects its prey while on the wing and captures it (if 
alive) probably within 1 m of the sea's surface . . . Thus the conclusion is inevitable, that 
grey-faced petrels feed at night on the fauna associated with acoustic scattering layers.' 
Lincoln and Jones (1973) wrote: 'Since the isopods are partly digested it seems likely that 
they were eaten by fish which form the diet of the albatross . . . strengthened by the 
presence of Meinertia gaudichaudii (Milne-Edwards), a mouth parasite of tunny 
(Richardson, 1905), in the same regurgitated food samples.' 

Sivertsen and Hokhuis (1980) refer to a report by Barham and Pickwell (1969) in 

which it appears that some specimens of Anuropus (not identified beyond generic level) 
live in the umbrella of large mid-water jellyfish. Menzies and Dow (1958) mention the 
presence of many nematocysts in a yellowish mass in the intestines of A. bathypelagicus. 
This transportation may extend a rai^ otherwise restricted by a possibly limited 

swimming capacity. 

The limited information prohibits any conclusions about intra -specific differences in 
depth distribution or sexual behaviour but suggests that Anuropus is a cosmopolitan genus 
consisting of species which are epi- and bathypelagic as well as benthtmic and which are 

isolated within distinct masses of water. 
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A new iiitei|Hnetatioii of the geoinor|riiology of Wellii^;toii 

Rkbud W. Heine* 



The geomorphology of the Wellington Peninsula and the southeastern side of the 
harbour is examined and re-interpreted. Many benches are identified at levels up 
to 200 m, and analysis shows a non-random fi-equency distribution with height 
Levels are related to those in the city area and on Mana and Kapiti islands and 
are wid^pread, extending at least to the southern end of the Manawatu Plains 
and the 'nwitham basin. 

The traditional desc ription involving cycles of erosion is rejected, and the 
benches are ascribed to marine processes. Interpretations involving warping and 
tiking are also rejected. The landscape is seen as characterised by benching with 
a well-developed ancient surface at 180-200 m, on which is superimpKJsed an 
active period of headward furrow developnient, ascribed to a stress pattern and 
cfimatic cvetiti involving extreme itonn eventt. 

A horizontal stress pattern is identified, and the course of the Karori Stream 
explained from it. Features in the Wellington Fault line between Cook Strait and 
the harbour are shown to have a composite origin, and the fault line is shown to be 
discontinuous. On the evidence availabk the fuak is not considered to be 
transcunvm in this sector. Qirrdatkm on akitude of certaiii levds outside the ar^ 
is demonstrated which, if valid, allows those kveb to be related to New 22ealand 
interglacial stages. 

INTRODUCTION 

The tract of land lying to the west of the city of Wellington and bordered by Cook Strait 
(Fig. 1 ), referred to loosely as Wellington Peninsula, has been the subject of a number of 

papers (see for example Cotton, 1957, for references) concerned with both description 
and interpretation of its geomorphology and structure. The traditional interpretation has, 
I believe, been based on the belief that the form of the landscape is a result of a number of 
'cycles of erosion . The acceptance of this concept to account for variation in the 
elevations of extended areas must however, limit the number of discrete elevations 
capable of being explained, because of the very nature of an erosion cycle, i.e. the 
extended period over which such a cycle takes place. When faced therefore, with too 
many levels to be accounted for as cycles of erosion (two in this instance), it was necessary 
to postulate that the area had undet^ne warping. 

The purpose of this paper is to shonv thM the morphology can be interpreted m a 

manner completely different to previous work, and new data are presented in support of 
this. It will be argued that correlation of terrace remnants at different elevations shows 
diat not only can an erosional cycle approach not be sustained, but that neither can its 
corollary that the outer coastal terraces are warped. 

By the use of a large number of measurements of elevations spread throughout the area, 
it will be shown that these have a non-random frequency distribution, and that there are a 
much larger number of discrete levels in the area than those described to date (see Heine, 
1979, regarding the Wellington City area). 

The Wellington Fault between the city and Cook Strait is also analysed, as well as 
enigmatic features of the drainage pattern (northwards drainage of the Silver Stream, zig- 
zag nature of the Karori Stream), the origin of the Karori-Khandallah "Long Valley" 
(Cotton, 1912a), and the isolation of the outer coastal terraces. 
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Fig. 1 — Locality dia^am of the area. Mana Island and the entrance to Pbrirua Harbour 10 km 
mvth oS map, Kapiti Island 35 km north of map. 



PREVIOUS DESCRIPTIONS 

The most prolific writer on the area was the late Sir Charles Cotton, and h is 

convenient to take his 1957 pap>er (Cotton, 1957) as a summary of his views. The key 
elenient in Cotton's interpretation was recognition of an erosional surface at an elevation 
of about 300 m, which he regarded as a terminal or summit peneplain, a "plane of 
reference or key surface, for evaluation of the deformation in later times of the Wellington 
landscape" (Cotton, 1937: 776). Lower "more or less flat summits" (p. 775) were 
inter{Mneted as parts of a single surfiuce which had been deformed, and evidence of this 
warpic^was seen in the marine terraces of the outer coast, those at Cape Terawhiti being 
correlated with those at Tongue Point (based partly on work by King ( 1930) ). As a result 
of this correlation, the coast was described as one of "transverse deformation" (Cotton, 
1942, 1952). This required Cotton to reject his own earlier interpretation of the origin of 
the Makara Valley terraces, where he had proposed an intermediate cycle of erosion 
called the Tongue Point cycle (Cotton, 1912a). (1 subsequently (1974) rejected the 
correlation of terraces put forward.) 

The 1957 paper was also significant in that Cotton abandoned his theory of subsequent 
relief; i.e.. the elongation of the relief was no longer attributed to subsequent stream 
erosion along the direction of the strike (later extended to subsequent erosion along fault 
aones vrith the same direction ) Instead he adopted an hypothesis of a tectonic origin of 
many features of the relief (p. 763). Attention was also drawn (p 766) to a "'number of 
k)ng and strictly rectilinear valleys:, speciHcally (in the area under discussion here) the 
valfey of the Ohariu Stream. 
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A possible origin of such features was discussed by Cotton (p. 783) who started by 
saying that these are "difticult of explanation other than as erosional valleys developed by 
headward subsequent erosion along fault lines." He then went on however, to argue 
against this and finally adopted (p. 785) a fault -angle origin, dating from an early phase of 
the deforniation of the terminal peneplain and etched into the present landscape. 

In a later paper the landscape was described (Ckitton, 1958), apart from the main 
erosicm tur&ce, as beii^ characterised by a fine textured dissection (and re-dissection 
following crytTfffc processes), largely consequent on the flanks of the upland remnants 
(p. 413). 

A dominant feature of the area is the Wellington Fauk. In 1914 it was recognised as 

extending southward into the valleys of the SiK t r and K<ii\s harawhara streams because 
of their alignment, which were accepted as fault-angle in origin (Cotton, 1914). The fault 
is generally accepted as a dextral transcturent foult, fidlowing uie description of shutter 
ridges near the outer coast (Cotton, 1951), and the Wellington Harbour -* Hutt Valley 
depression interpreted as buckling. 

Course of the Karori Stream 

An explanation of the course taken by the Karori Stream was proposed by Gage 

(1940). He considered (p. 405) that originally a branch of the Makara Stream had 
worked back northwards to capture the headwaters of the "Long Valley", and in turn this 
had been captured by the Karori, giving rise to the present Karori Stream. The zig-zag of 
the Karori Stream from Karori down to the junction of its western branch, characterised 
by short gorge-like reaches connecting lengths of wider valleys, was ascribed to 
adjustment to structure. This was extended by Cotton (1957: 781), by ascribing at least 
some of this adjustment to homoclinal shifting. 

METHODS 

Topographic maps, even on a scale of 1: 15 840, arc not sufficiently detailed for 
geomorphological analysis of the kind used here. The key to new data lies in vertical 
stereo aerial photographs, not only for visual identification of features but also for the 
determination of spot heights over a wide area. These were taken directly from NZMS 
270 topoplots at a scale of 1: 25 000 and are accurate to within 5 ni vertically. 

All spot heights mapped in this series were used to create the data base, so that the 
criteria for site selection were based sofely on the ability of the phntogrammetry process to 
detect inflexion or convex stationary jx)ints in the landscape. Any attempt at selection 
would have introduced an unknown bias into what is essentially a statistical approach. 

Linei^on was identified finom stereo pairs and transferred directly to topographic plots 
at 1: 15 840. All topoplc^s were obtainnl from the Photogranunetry Branch of the Lands 
and Survey Department. 

DESCRIPTION AND INTERPRETATION 
Uneaiiras 

Apart firom the Wellington Fauk, and the valley of the Owhiro Stream, no descriptions 

of other lineations have been published for the area covered by Figure 2. This figure 
maps a pattern of such features (actual lengths and bearings), all seen from aerial photos 
as narrow rectilinear valleys or fiirrows, interpreted as an horizmital secondary stress 
pattern about the \Vc !lini^t{)n Fault, taken as the priman, dislocation. It follows from this, 
that the origin of these furrows is seen as occurring through headward erosion, rather 
than by &ult -angle movements as proposed by Codon. A clear example of "secfxidary" 
furrow development proceeding out in two diametrically opposite directions firom a 
"primary furrow", is seen at site B in Figure 2. 

In some cases the furrows are accompanied by fault line facets, line A (Fig. 2). When 
the surface topography is examined the variable strike seen at C is consistent with a 
rectilinear £auk plane dipping in reverse to the west 
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Fig. 2 — ^Map of narrow rectilinear fiirrows obtained from aerial photographs (bearing and leiq^th 
to scale) interpreted as showing a secondary stress pattern with respect to the Wellington Fault. A- 

A indicates fauh line facets. B a site of headward erosion in two di unctr ic rilly opposite dii f rtions 
(not mapped), C-C a straight line fault with a reverse dip to the west as judged from its intersection 
with the surfiioe topogn^Miy. 
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Comae of the Kaiori Stream 

The identification of a pattern of lincations offers a better explanation of the zig-zag 
course taken by the Karori Stream than that offered by Gage and Cotton. Ckitton's (1937) 
sug^esti<Mi of hcHnocUnal shifting is, in my opinion, totally hypothetical in that it has no 
fiKmial basb for support. 

The WeUn^ton Fault 

Evidence that the Wellington Fault is dextrelly transcurrent over the sector from 
Wellington city to the coast is based primarily on (a) shutter ridges next to the coast 
(Cotton, 1951), and (b) trailing streams in the Silver Stream valley (Lensen, 1958). 
Regarding the latter, the valley of the Silver Stream falls 152 m to the northeast over a 
distance of 2.8 km, i.e., an average gradient of 1:18, which (coupled with the recognised 
asymmetry of the valley (Ck>tton, 1951) ) explains the direction taken by the streams 
entering the valley from the southeastern sicte. They are merely flowing normal to the 
contours and are not de&iitive proof of transcurrent movement. 

The suggestion has been made (Lensen, 1958) that shutter ridges are seen in that 
portion of the Wellington Fault contained in Figure 3. Examinationof photographs of this 
area shows a polycyclic valley system, with h^dward erosion and furrcw devebpment, 
causing two air gaps (see Fig. 3). The conclusion to be drawn from this is the exact 
opposite regarding transcurrent movements. It provides no evidence of horizontal 
movement (Fig. 4), and evidence (tf vertical movement is seen only in the recent trace. 

The "trace" of the Wellington Fauk within the Silver Stream valley is seen therefore, to 

consist of consequent drainage (not on the exact alignment of the recent trace), headward 
erosion leading to furrow development (but not accompanied by further down cutting of 
the original Silver Stream), and final vertical movement fixtning the recent trace. 

Frequency distribution of spot heights 

Figures 5 and 6 are plots of all spot heights recorded on NZMS 270 topcplots, up to 
200 m. These are plotted as a histogram in Figure 7, along with highor elevations to 
250 m, with a superimposed three-unit running total. The histogram clearly shows a non- 
random pattern, with well-developed groups delineating a number of zones. Non- 
randomness for levels up to 200 m was co n fi r med by applying a chi-square test to the raw 



Fig. 3 — Section of the Wellington &ult line showing composite origin of features. (A) represents 

topography before headward furrow development fB), whith has lead to the formation of t%vo air 
gaps. A recent trace occupies the bottom of the furrow. (See Fig. 4). 
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Fig. 4 — View of Wellington fault (sec Fig. 3). Left Looking southwest along the fault, with the 
furrow in the centre foreground, and Silver Stream to the right. Right Looking south across the 
fault, with Silver Stream lower right, the furrow across the photograph left to right and the air gap 
in the centre. Photos R. W. Heine, 1%2. 



data, using three unit cells (rippled through three times), with overall trend removed. 
This test gave a significance level of 0.5%, which is highly non-random. 

The reason for testing the elevations only to 200 m, was because the spot heights listed 
are isolated in space, and hence independent. Above this elevation increasing occurrence 
of ridges and 'peneplain remnants' leads to a loss of indcfjendence between adjacent sf>ot 
heights i.e., they become replications, so that tabulation of frequencies becomes less 
certain as a diagnostic tool. Elevations shown in Figure 7 above 200 m are clearly non- 
random by inspection. 

The levels associated with the 188 m and 197 m peaks in the histogram mark a 
widespread general surface, seen for example as the crest of a ridge west of the Ohariu 
Valley, and beyond that in Mill Creek Valley. The divide between Ohau Bay and Black 
Gully (198 m) and the head of Shepherds Gully also fall within this zone, and it is also 
represented between Khandallah and the harbour, and by Mount Victoria (196 m). 

One of the best -defined frequencies is that at 150 m, and the higher terrace at Tongue 
Point (at 146 m. Cotton, 1942) is associated with this peak. Working from 50 ft contour 
maps, I pointed out earlier (1974) that the 400 ft (122 m) and 450 ft (137 m) contours 
delineate a set of benches cut into spurs (as seen in aerial photographs) throughout the 
general area covered by Figure 5. The '400 ft' feature is identified here with the 1 19 m 
peak, and the '450 ft' feature with the 139 m peak. Attention has also been drawn 
previously (Heine, 1979) to a remarkably level surface at Bell Road (WCC aerial map 
9781) at 140 m. 
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Fig. 5 — iAxp of Wellington Peninsula showing location of spot heights obtained from NZMS 270 
topopbts. 
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Fig. 6 — Map ol area east of harbour entrance showing location of spot heights obtained fh>m 
NZMS 270 topoplots. 
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The group of levels spanning from 70 to 80 m does not show up strongly, although it 
contains prominent comtid leveb — the 73 m louver Tongue Pmnt terrace (Cotton, 

1912a), the higher IG m Cape Tcrawhiti terrace (King 1930). and the terrace 
immediatelv west oflOngtie Point at u 80 m — all of which are very large-scale features 

Levels between 70 and 75 m are not found to the east of the harbour entrance, other 
than as marine coastal terraces. The other coastal terrace at 46 m which I identified at 

Oteranga Head in 1979, falls at the lower end of the group spanning the range 46-57 m. 

The 55 m level which is part of that ,^up, and the 92 m level, are onK recorded here 
to the east of the harbour entrance, the latter being best seen as a spur between lakes 
Kjohanypiripiri and Kohangatera (southeast of Pencarrow Head, Fig. 1). This level is 
also seen on the eastern flanks of Tinakori Hill at the top of Patanga Terrace (c. 90 m), 
M/hen it truncates an alluvial fan (see aerial photo F.20, 16411-13, Wellington City, 
28.9.1945), and a similar feature u present just to the southeast at an eiev^ion of c. 
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Fig. 7 — Histogram of spot heights mapped in Figs. 5 and 6, plus additional values to upright 
lettering refers to spat ekwations outskte the aiea, sloping leniering to larfe acale features (1979, 

Table 2). 
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100 m. The small group of levels from 28 to 34 m includes the prominent level terrace at 
the northern end of Somes Island (32 m), and Taputcranga Island in Island Bay (30 m). 

Correlation with inner city levels 

Using surveyed elevations, and ultra-detailed contoured maps (contour interval 0.6 m), 
I documented a large number of levels in the inner city area (Heine, 1979), and tabulated 

extended surfaces. These 'major' surfaces are marked in Figure 7 by the letter M. Such 
levels not clearly identified from the data of Figure 7 occur at 42, 45 and 85 m. 

In Table 1 of Heine (1979), a histogram was presented of the levels recorded in the 
inner city, and zones of hi^ fiiequency are plotted in Figure 7; also shown were precision 
profiles leased on 0.6 m contours, and from these a series of zones can be abstracted. 
These are plotted in Figure 7 at 21 m, 28 - 32 m, 35 - 35.5 m, 41 - 46 m, 49 - 50 m, 55 m, 
and 58 — 63.5 m, and annotated with the profile identification numbers. Both the 50 and 
55 m peaks are reflected in these profile zones, and profile 27 contains both. 

Makm Valley 

The divide between Makara Stream and the west branch of the Karori Stream has an 
elevation of c. 100 m, a level identified in the city area as of major extent. This level 
represents the highest point of the prominent terrace of the Makara Valley, which 
continues northwards from the divide with decreasing elevation. Figure 7 shows that the 
100 m level represents the highest elevation in a group extending upwards from 85 m. 
Ckxton (1912a) originally correlated this terrace with the lower Tongue Point Terrace, 
but later (1952) abandoned this on the grounds of inferred Mrarping. A similar reason was 
used by Gage (1940) to explain the "loss of height" of the terrace surface southward from 
the divide. This however would require warping on an axis parallel to the coast, whereas 
Cotton used a warping axis normal to the coast. 

A large number of spot heights are shown throughout the valleya otihc Makara and 
Karori streams. They provide no evidence to relate the Makara terrace specifically to the 

73 m Tongue Point terrace, nor do they imply warping. 

. The absence of these outer coastal terraces between Tongue P^nt and Wellington City 

(within which the level is identified) was aiscribed to warping by Cotton (1952). If this 
f>ortion of the coast is compared with that between Tongue Point and Cape Terawhiti 
however, the two arc seen to be quite different in their morphology. The latter is a part 
constructional form of landscape (Heine, 1974), while the coast to the east of Tixigue 

Point contains cliffs cut directly into basement rocks. The absenc e of the terraces east of 
Tongue Point to the city is seen therefore as reflecting enhanced marine retrogradation of 
the coast and not warping. 

CORRELATION OF TERRACES OUTSIDE THE AREA 

Mana and Kapiti idmds 

The Mana sur&ce slopes from c. 1 20 m down to c. 80 m, and in terms of Figure 7 , can 
be seen as made up of two groups of levels, one 85 to 100 m and the other 101 to 122 m. 
The above limits are identifiable with we 11 -developed features on the main land. The 
lower limit corresponds to the coastal terraces at 73, 76 and 80 m, while the upper limit 
corresponds to the "400 ft" features described above. As an alternative to tectonic tilting, 
the Mana surface can be seen therefore, as part of a continuum extending from 28 m (the 
seaward edge of Tongue Point and Cape Terawhiti) through to 120 m, with a consisteitt 
slope to the southvvest The 42 m 'major' level is also recorded on Mana Island (Wlliams, 
1978). 

Some spot elevations are also available on Kapiti Island. A general surface at c. 200 m 
can be seen and levels correspondii^ to the 150, 139, 1 1 1 and 92 m peaks are identified. 
A level at 44 m corresponds to the Oteranga Head terrace. 

Marine stacks around Kapiti Island (and Motingarara Island, off-shore from Kapiti) 
are commonly 28 - 32 m high, and Fleming and Hutton (1949) have described a c. 30 m 
bench at Rangatira Point. This level is very well developed within Wellington City 
(Heine, 1979), and on Somes bland. 
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Wairarapa coastal terraces 

King (1930) describes coastal terraces from Cape Terawhiti eastwards through Cook 
Strah and up the Wairarapa coast to Castlepoint Between the Kaiwhata River and Uriti 
Point he describes a 150 K (43 m) terrace, up to 3 km in breadth, with a level 8 km inner 
edge Behind this he records remnants of a terrace at 220 ft (67 m), together with 14 
terrace remnants in the district at 350 ft (107 m). South of the Kaiwhata River, at Flat 
Point, a terrace is present at 500 ft (152 m), 'descending' northwards to 450 ft (137 m) at 
the Kaiwhata River, and continuing southward at 500 ft for 13 km. All these terraces are 
cut into soft Tertiary sandstones and mudstones. 

CcMnparison of these elevations with Figure 7 shows that they can be related to the 
Wellington data pattern with some consistency. The 150 ft (43 in) terrace relates to the 

major 42 m level (or 45 m level allowing for known uplift of Wellington), the 350 ft 
(107 m) to the 111 m peak, and the 500 ft ( 152 m) terrace to the 150 m level. However 
the 220 ft (67 m) terrace is not well represented, and it will be suggested in the next 
section that the c. 72 m Tongue Point and Cape Terawhiti terraces are the likely 

correlative. 

Soirthwest Auckland and Wanganui temcct 

Chappcl! ( 1970) describes flights of terraces in Quatcriian. formations of the southwest 
Auckland coastal region, which he relates to similar surfaces around South Kaipara 
Harbour. In a subsequent paper ( 1975) he extends this correlation to the Wanganui 
region, identifying the 18-20 m Riipanui terrace with the 21 ni Waioneke transgression 
and the 40-43 m Ngarino terrace with the Shelly Beach transgression of the Kaipara 
region (Brothers, 1954). He relates the 70 m Brunswick terrace at Wanganui to the 
64-67 m Parawai transgression of south Auckland, and the Kaiatea group to the Nihinihi 
transgression at 107 m. A maximum strand level at c. 155 m is also described, associated 
with the deposition of the Kaihu fi>nnation. 

Cwnparisons with the Wellington data shows that the 18-20 m and 40-42 m terraces 
are very well identified, and hence these are taken as formed during the last interglacial 
phase (Su^ate's (1965) Oturian Sta^c). The 70 m Brunswick terrace is associated with 
the penultimate interglacial (Terangian Stage) and is correlated with the 70 m coastal 
terrace at Tongue Point. The 64-67 m Parawai transgression of southwest .Auckland 
which is correlated with the 70 m Brunswick terrace by Chappell, can be directly 
correlated on altitude with Welluigton by allowing a c. 6 m uplift in Wellington, and this 
wouW accommodate King's 220 ft (67 m) Wairarapa terrace as well. 

The 107 m Nihinihi transgression of southwest .'\uckland marks the peak of the 
104-121 m group of levels of which individual levels are well distributed around the 
WellingMm area. If the Kaihu Fomuttion is partly Uppo* Castlecliffian (Middle 
Pleistocene) as suggested by Chappell (1975: 150), then the 104-121 m group of levels 
may be associated with the Waiwhero interglacial (antipenultimate). Chappell (1970) 
' also records a thin pumice silt horizon at 122 m in the Kaihu Formation^ as well as two 
stands of sea level at 46 and 56 m (formation uncertain), and pumice silt horizons at 20, 
36.5, and 46 m in the Nihinihi Formation. 

DISCUSSION 

Analysis of terrace leveb 

In this paper I have taken a large number of spot heights of features considered 'level' 
(although not necessarily of large areal extent) and analysed the frequency with which 
they occur, a method I used earfier (1979) for the WelBngton inner city area. This 
method of analysing the morphology' of a landscape is quite different from methods used 
in previous descriptions, which took large-scale features (e.g. Tongue Point) and typified 
them vdth a single elevation usii^ an aneroid barometer. 

Apart from the variable accuracy of barometric techniques in the absence of a control 
instrument, the latter method assumes that the variability associated with the readings 
represents the inherent natural variability of these extended surfaces. However the larger 
a fieature, the less sure can one be that the turfacc is the result of a ju^/e event, to that 
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larger features do not lead to more precise estimates of elevation, and may in fact just 
reflect the length of time that the sea occupied a restricted range of elevations. 

Hie resuh of this work is to show a nunrdber of well-defined groups of leveb, with some 

fine structure superimposed Not only are these levels seen on Mana and Kapiti islands, 
but examination of the relevant NZMS 270 topoplots shows that these levels extend 
throu^out the Wellington area as far north as the Trentham basin, and the southern end 
of the Manawatu Plains f Paraparaumu). Approximate levels observed include those at 
105, 1 15, 137, 150 and 200 m, and Leamy (1958) has recorded Terraces at 3 1 m and 50, 
54, 57 ra in PcHirua Harbour. 

Groups of levels may describe relatively rapid changes in sea level; CuO«i (1967) 
described a rise in sea levelofSOmoveraperiodof 1700 years in the Fovcaux Strait area 

(from —64 to — 14 m). 

The possible correlations of certain levels up to 107 ni with interglacial periods 
suggests that higher groups of levels as shown in Figure 7 may be Tertiary features. 
Brothers (1954) refers to a 550-600 ft (167-183 m) transgression in the Auckland region 
as possible Pliocene, and Grant -Taylor and Hornibrook (1964) state that Pliocene 
(Opoitian) deposits in the Makara Valley indicate a relative rise of sea level of 152 m. 

On a more speculative note, Glenie et al. (1968) have related Tertiary sea levels 
between Australia and New Zealand. They describe (p. 152) "an almost unmodified 
emerged sedimentary surface" resting on the West Australian shield, "incredibly level" 
with an inland margin of at least 650 ft (198 m), as Miocene. They also describe a 600 ft 
(183 m) dissected marine platform cut across Cambrian and Precambrian rocks near 
Adelaide, which is taken as Pliocene. 

Stevens (1973) has suggested a total westward tilt of c. 0.5 m between Turakirae Head 
and Cape Terawhiti since 1460. This borders on the instrumental resolution used here 
and is not seen in the data presentcci in Figure 7, although the precision profiles should be 
corrected as necessary. Wellman ( 1967) has described a beach ridge (labelled Fby him) 
east of the Turakirae Head at an elevation of 25 m, and inferred an uplift over 6500 years 
for this feature This particular level can be related to the prominent 'major' level at 23 m 
in the city area, and a caution is made therefore concerning this as evidence for a 25 m 
uplift. 

Analysis of land form and relief 

Past analyses saw the landscape as a deformed peneplain with three major faults angle 
valleys: the corridor isolating the Terawhiti ridge (including Black Gully), and the west 
and east (Shepherds Gully) branches of the Oteranga Stream plus the Waiariki 
lineament (seen also as fault angle), the Wellington Fault lineament, and the Owhiro 
Stream's valley. 

Aside finom very early deformation of the so-called K surface — which has determined 
the genera! form of the landscape above c. 250 m — the present form of the landscape is 
seen as formed by three distinct phases: 

(1) a period of extensive planation forming a surface at c. 180-200 m (p>ossible aho 
other surfaces higher than this, a "K" surface — but not analysed here); 

(2) a period of raipid headward erosion forming steep narrow, rectilinear gullies and 
furrows, as mapped here; 

(3) a furthrr period of bench formation at numerous elevations, up to about 180 m. 
The features formed in phase 2 are seen as a consequence of two factors, the presence of 
weak "crush" zones which have allowed headward erosion, and the clinurte. The furrows 
are etched fnim the secondary' stress pattern ofthe Wellington Fault and not fn)ni shallow 
fault angles originating in a "very early phase of the deformation of the K surface . . 
(Cotton 1957: 785). Unless the stress pattern postdates the planation period of phase 1, 
some other fiurtor must be invoked to explain the tri^ering of furrow development, as the 
furrows are cut into the 180-200 m surface, and it seems necessary to postulate a climate 
change. 

It has been suggested (Cotton, 1962) that the origin of 6ne-«extured relief such as that 
seen in the area under discussion is due to "excessive rainfidl intensity", and he quotes in 
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support of this a 24 hour value of 65 mm. It is su^ested here, however, that rather than 
"intense rainfall" the rainfall causing furrow development is more likely associated with 
extreme events such as the storm of December 1976. This storm was localized over 
Wellington and the Hutt Valley, and rainfalls up to 259 mm were recorded over a 12- 
hour period, causing severe flooding. Such a storm is considered by Tomlinson (1977) to 
have a return period of greater than 100 years, although the last such storm occurred in 
December 1939. The origin in both cases was a localised convergence which remained 
stationary for 1 2 hours or so. It seems clear that this kind of phenomenon must have a 
ctmsiderable impact on the erosion processes within the area, and in particular the 
headward development of furrows. 

The fact that the Kaiwharawhara Stream has caused headward erosion along the line 
of the Wellington Fault, and not the Tinakori Stream, is clear evidence that the crush 
zone does not extend northwards through Kelbum and down Tinakori Road as a 
continuous feature. TTie crush zone on the corner of Raroa Road and Plunket Street is not 
on the line of the Wellington Fault and is not evidence of continuity. A similar argument 
applies to the divide between the Silver Stream and Kaiwharawhara Stream, furrow 
dievelopment by the former beii^ only southwards. 

The Wellingion Fault 

Analysis of the fauh-line features in Figure 3, coupled with the furrow evidence above, 
casts doubt on the continuity of the Wellington Fault from Cook Strait through to the 
harbour as a transcurrent fault. The only evidence in this section for transcurrent 
rrxwement is that of the shutter ridges near the coast (Cotton, 1951), which imply a 
horizontal movement of c. 70 m. The evidence should perhaps be regarded with some 
caution: the ridges cross the fault trace at an angle, so that an appsu'ent horizontal 
movement of r parallel to the fiudt trace will result uom a vertical movement A, given by 
2 = h cot0 cot 0, where 9 is the angle between the ridge and the fault line, and (f) the 
westerly reverse dip of the fault plane. Calculation su^ests however that to obtain 
z = 70 m, the magnitude required for h would be excessive. Aerial photos also suggest 
that the surface of the slope is, or has been, covered with transported material, which may 
affect drainage. (The stream below is deeply incised into kxjse material.) The question 
remains however, as to whether this is strike-slip movement as distinct fiom transcturent. 

Cotton observed (1957: 771), that "the main effecU of the Wellington Fauh that are 

apparent in the morpholog\' of the district result from the vertical (dip-slip) component of 
movement . . .". Even if the downwarping along the western border of the harbour is seen 
in terms of transcurrent buckling (which is generally accepted), it does not follow that 
transcurrent movement must be observed from there southwards to the outer coast one 
might perhaps expect buckling to indicate a resistance to horizontal movement beyond 
the buckled zone, i.e., south of the city. The change in strike at Thomdon is not 
sup[xirtive either, to a continuous feature, which is implied in the term transcurrent. 

The air gap caused by the Kaiwharawhara Stream (see Fig. 2) and described by 
Cotton (19 12b) has an elevation of 198 m, which suggests that the lower basin on the 
fiiuk line is part of the general surfoce described above. The northern end of the Silver 
Stream valley in the second basin has a similar, although less precisely defined, elevation. 
Both valleys are hence considered to have had their morphok)gy modified by plantation 
processes (after a hypothetical origin as fiuik-angles?), %vitn later furrow development and 
a recent trace giving the lineament structure to each basia 

Correlation of levels with inteiigtacial stages 

Suggested cmrelations given above between certain levels and inter|lacial stages were: 
18-20 m and 40-42 m last interglacial (Oturian), 70 m penultimate interglacial 
(Terangian), and 107 m for the antipenultimate (Waiwheran). From these c. 2 . may be 
substracted in central Wellington for the kyweat levels, and periiaps 6 m fcnr the hi^est. 

This leaves a number of intermediate levels unidentified, as seen in precision profiles, 
and in the data of Figure 7, namely 28-32, 35, 50, 55, and c. 60 m. It is possible that some 
of these are associated with the Waiwheran stage in view of the pumice silt horizons 
recorded by ChappeU (1970: 140, 143). 
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Su^;e$Uons have been put forward previously (quoted in Stevens, 1957) regarding 
correlation with overseas interglacial stages, based on elevation. The main difference 

between these, and this work, is to assign the Tyrrhenian high sea level (via the 
Brunswick Terrace) to the c. 72 m (Tongue Point, Cape Terawhiti) rather than the okler 
Milazzian. 

CONCLUSIONS 

The area is characterised by two distinct sets of features, a large number of benches cut 
at numerous levels up to at least 200 m and seen as of marine origin, and sup>erimposed 
furrows seen as originating fix>m headward erosion and etched from a stress pattern, both 
superimposed on a much older and higher peneplain surface. The bench features are 
widespread and extend to both Mana and Kapiti islands, as well as east of Wellington 
Harbour. They do not provide evidence of neistocene warping or tiking, or vertical 
movement of the Wellington Fault, other than recent. 

Evidence for transcurrent movement on the Wellington fault between Cook Strait and 
Wellington Habour, other than the possible shutter ridges described by Cotton is 
examtned and rejected. The fouk line in this sector is shown to be discontinuous, and its 

features are of composite origin. 

On the basis of altitude, correlation of certain levels is suggested outside the region 
which, if valid, relate those levels to the New Zealand Oturian, Terangian, and 
Wuwheran interi^acial stages of Suggate (1965). 
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